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SOLUTION: A network node includes a TDM-ATM 
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element management system can manage the integrated 
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03i±Wkt L-C**ttlC#flH) 
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(r) Digital Loop Carrier System and a Local Digita 
1 SwitchJ Document No. TR-TSY-000008 Issue 2, 1987 
(TR-08tt«6) 
[0 0 0 4] 

mmn&m ^m^mmm (pstn) -ei*. m& 

«(NB) v?f)mW\ K^^f (TD 

M) y >^JbT«££*i£ 0 PSTNIt mtS^tt^ffi 

-^■V!i7 (DLC) ^jffllt, TfP^fcliT 

DM5\&&mzm* (vm&^w-t&i-z. *wmmx&. jo 

tf^ (POTS) s ££^1*— \f.^"f^ v^/MB (ISD 

n) , & j:tj^T 1 tr;*sr£A/-ci^ 0 

[0 0 0 5] ^raJHlEiS^e— K (ATM) ^5/ h!7 — ^ 
tef@*<Z> fATMir/uj tC/^5/>5r— S*£*Lfc h77^ y 

h!7 — ?X&>& 0 ATMIi, UN I 3 . 1 :&J;t>*UN I 
-fZ> TATMj ^l/^5ffllStt. iUtSrW, -£tHtt<D 

mTz&AzmisXztih<Dxmz.m&'tz>*v by-? 

l^-tf- (DSL AM) ^ATM— (OfigiJ(^*PA#SJKS: 

ffirtt (BB) *-lf^Sr«4rW»i*^*fffi-5fc»^tt 
JB£*t£ 0 T?±*/\s—yX\ ATMIiADSLill 

[0 0 0 6] Sj£. 3*ffir«/W-^ ^ 3. > 3 
tf^**:tt*^SrATM>f y^7x-^±T*Sttt5^ 

r%iSteWmt& (derived line) j t^tftlS^i^fc 

5***iailiS:!i«i-Swfc*-e*s. r*A«»iii « 

j»J tr^ttii*. gEfiFOATM over ADS 

[0 0 0 7] Bilt ^^yKTP.^y-h^x^^ffl 

y?mx*hz> 0 m&t&fox\ f-nyh7-^ 

110^7^t^M (IAD) HWiX^AD 
SL«| (ATU-R) 1 12(Of-^^hi:g 
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(S»flS«) ^lt, /^.y K mZ.lt I P'<try b 
rt^SStSn^:^— ^SrJ8i£1-5o Jh0 AT 
U-R 1 1 2M>f — h7l/-^5> I P'<fry b 
£8t9fctiL. -tn^SrSt^ATM-lryurtlcfift-LT. A 
DSLyyMi 8^Lrt-t^7 p p/M^t* 

S (CO) 1 1 artOf-f^^^iDAflT^t^v/U 
7*:/ 1^*0- (DSL AM) 1 1 4(Cj£mi-<5 0 T^M 

5 I P'<^r s> h £ ATMt;HiS*i ry^^hj <n 
mX*hZ> 0 ffigcilftiLT, IS?teATM-ove 
r-ADSL!Jy^ 1 1 8 fttC^^y y ^ 1 1 6 £J?A 
L, 1 3 3\ZZtik%tl&1r2>xy}) 1 1 9 & 

PAIT, I*^)7tP^POTSlff (analog POTS 

signals) a*#iasn^7;*5£SM8&i 2 9<D®mmm 

8iCilft^5DS L AM 1 1 4<DiiLm$.XmZV'( 
^F^7 1 1 8 Sr^UTmrlET^-n^POTSft 

ktfX% Z> 0 DSLAM114liIP-ove 
r - ATM b^-7 << y ? ZATM^y b ? — ? 1 2 0C 
fSL, I P-ov e r-ATMh^^-f ^^fiATM 
^ y bV — 9 1 2 Oi: "Cftil DSLAM1 2 2 > >T>^ 
^^t-t^/a/M/(ISP) 12 4, 

i:i^t«©poTst- tr* «rgr^-c*5 & * »j 

^r^7fP^J;U { TDMy >^ £ Hl^ LTV^l^B 

bfrx&Zo w$tL<o?—$*y by—?<omx \ P-o 

v e r — ATMf — & ^S5i^i"6ATM^ y bV — ? 1 
2 0<7>flJ/Bf*. ft*. ±ElC|ft*j&*ttfcn — ^/uaiy 

y h!7 — ^rc^^. I/— > 3 > (LANE) 
*ric**tS. S&lC* ill^t^«fi«(JATU-R 
t D S L AM 1 1 4 ^ O^icti^llfcAD S L (2£*t 

^^f^f^^^/^OAfl (DSL) Vl/PZ^tllC 

ft;LTffiffli-5::i fc-ct£o f*jg-cw\ ADSLy 

yni8 teii^D S LAM 114 ft^AD S L 
B— *£:m (ATU-C) KJcJ:oT»aS*t5. 
[0 0 0 8] »««R#»ia»*-lf^*:«tt-r5fc«)^, 
ATU-R1 1 2 1* 1 o£fc{*1g&(B^*POT S# 
— h 1 2 8Srffiet-f5«t 5t-Bfei^StbSo ATU-R1 
1 2te#— M2 SjJ^^POTSfflf&T-f^/Hk 
ITATMt/^lC^L, ATMt/H^T'f-^^^ 
F7-^l 1 O^^^fig^tt/c I P-ove r - ATM 
-t/lsk^r — is1rZ>o LtzftoXs ATM-over-A 

DSLyy^i i 8±t«s^n5ATMt/uo^ h y 

-Ali^f-^^tSgfSATMt/l/iTDMf^ 
h77^ ^^^fi&i^-r5ATMir/K7)pJ^$r^A/-CV> 
5o ^:L, TDMh77^y^S:ttSt5ATMt;i/ 

® (VC) rtT^iH$tL^ 0 D S L AM 1 1 4fUTM 
-over-ADSLy>^ll 4 ^^PJ^i" -5 A TM 
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±/U<D-t <<X& ATM*? h !7 — 9 12 0 PMZtV— "r 4 
>-^U ATM*? V *J — 9 1 2 OliTDM h77-f ? 
^SrKftjS-rSwttb^-fe/uSrdft^tttcy— h £^-T l 3 
OK/u—r-r >^i"5o y-M?x^i3 0fj:ffgAT 
Mir/u*>kTDMtMR£ffi9fcBU »ltTDM7i- 
FCIL, 0iJx.l2GR - 3 0 3 y y^^Lti 

1 2 6 a»<b£> TDM h77^ yZfr?— h$~4 
1 3 0 iCpJifU h !>:n>f 1 3 Ot*ATMt;McS 

^^tltATM*^ h!7-^ 1 2 0lcM$n-5 e AT 
M* ? h — ^ 12 0 J3-fc/i'£ra#J&D S LAM 114 
(C/U— r-T^^L. DSLAM1 1 4li^^[^tie)0 
t;U^ATM- over-ADSLyyM18 ^gt 
ATU-R1 1 2 r>T y^t5 0 ATU-R 1 1 

h 1 2 8KteaH-5 0 

[0009] mmtE]m<D pots/K-f 

ty-h^x^i3 o^a«©TDM2e»«©mi:f4E 

ft if p o T s a&KffsttBrflo&jftt:* S ft 

i\ Lt^ot, y-h-)x^i3oiaoti§t^ti 

tu-ri l 2[«(7)J:5^»^^ttlL, «rSUtf>ii*n 
ATMt;H:}Jf ft L h x-f icgfStSo #CV^ 

T^y- h * tiift ATM-fer/u^r^-^ft L"t*« «l» 

poTsie]«a(^^«)^^^^53s»ait-ii*a-r-s 0 tttc 

[0 0 10] TDMf^Wlf^^POT Sil£a1#$&<£> 
tltVTOAttf^ Jit* I TU-TgS I . 3 6 3. 2 

*5«tt5i. 3 6 6. 2i:iEtsntt^o 

AL^^2 ATMiryu^yc(i^.{^AAL - 2£fcJ3:A 

m-rtK rjiftis/tttwa h77^ ?:?j tu^fflisw: 
aim*? h!7-^&3i/fli-sfdtf><7) Fy7^ 5/^«s6o 

ffi £p ft S *$ J: ^ te co » £ ti -r o 

[0011] 

^^yK7pygIt\ ATM*? K V — ?<DW&<om 
fltf^^rtlCfSKU »ODSLAMW-hf 
6o SiJ(7)MT1iy-h^ai>f 1 3 0lilo^)DSLA 

cp&m i 3 3rti:fiitt, tcom^. h^^sf i 

3 O&mntv^S&m&l 2 6 &£»Jlfc-*-S«*>0 I- 
h *^-f 1 3 (m«*ftATM:fc3J:U<P 



(7) *frBfl 2001-237900 

12 

S TN£#M&:fcJ;l>*T ^ir^^/u^r/i^lfittgijoa 

!)x^l3 OtelWSFtfcttL (protection switc 

hing) *5«fclWfc«, »**3«tW«IS*— ^<Z>»«, 14 

^ftg«J<Z>fc*0«iJ<Z>*y h F — *l«fi£ LTfl^ 
ttftftixfift 5>ftv> 0 ^^yK7py^- hfrm-Y ii» 

h?-?mw*m&i"zm±\c£^xtemmt$ti'r. l 
Si: 5*<*e-fr-c*ftv^ Lfc^o-c. muz^-rx? 

ic, h^zn^ i 3 0 1 ocoI^fli/^rA (E 
MS) 13 1 [:J:ot|lJiX^i5\ D S LAM 114 

liioftftSEMS l 2 3l:J;otf iSii5 0 
HTpyy-h^x^li^t, A TM^o J: t5T DM* ? 

n^M^fc5 0 wis*— tr^<o«««y— h *?=*4<r> 
TS0*o«oar^(OiBol6BidSiK*ftfc«), 

^^iBoianiawBnifitttrt^Kt-*-*. mmmnp 

OTS[HliRSrW»-rSK»i3«tr**f UjSL (turn up) 

hr*l^^*-S?*tt^£w£#ftLftV\, L 

[0012] V K7D>y- h ^^-YttSfc*? h 

tc, K7pygii ury— Y^7^4 \ 3 Oteg 

l/j:^W7P7^fitl, S&©8iJ©«aiR*3j:W?& 

rAt)Mt% r*ttt^ft0©3^ hiffcftS. ^b 
tc, y— h ^zn-T l 3 O^^^V KTnyilWf:^ 

« ^*o#«*»POTS|iiil»ofcfticKiii-5^ttt» 

[0 0 13] Lt^ot, ffiff^TDM-ATM^-h 

* * >r f4#«*»0**- tr^ z&fe-rzmc-fkmxh 

tt it Z> HX A l z X o T S tb & t> it 5 .1 1 & X # ft ^ pj fig ft 
H3&Sft<, fi-5^JC(g»$ixfc3^ htDS L&m±X 
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[0014] 

sB^at, io4fctt**<oifcw*»fsii«.iaji»cofc«> 

C/^/ii^iftt 5 T DM- A TM^- W ^4 ft 

zc A lcatel USA Litespan^ 

£\ h?x>f©TDM*- Mi-** M7-^ffl|(DT 

k&AitZtl, tf— h £^>f <£>ATM/tf~ Mliotfc 
tt*«©ftlA#JiWATM|»«i6«d»6«> 1 o*fcf*tt 

[0015] TDM- AT M^- h«>x/f^ATM, T 
£3 0 llj&^ffiU^cfcoTJi. ^^ttfc^-h^ 

ttia. 5 h*^fi, -rr* 

ii-Tr-d** MB** hI7 — ^gnaotML-cv^ 

ftCD^l/T^ht^-itt^, SfcttPSTNit 
* ft £ T D MU— fcT* rt> A TM_k-C#i£ £ tb £ T 

[0 0 16] J£AT\ *»WJcov^THffi«:#flHUft^& 
[0017] 

imw(onM<Dmm] mi 1 ^/u— ^ ^i/-y 3 > 

M* 5/ h y — ^ 12 0 ft Siift n — 
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IfDSLAMffiftSnSo 7*-f s^/u/u— y 
T (DLC) ^^TDM7^tX-7/Uf7 P l/^tfcD 

^x^ii^DLC/DS LAM/— KrtlClfr&S 

ft£o 

[ o o i 8 ] in i i -cttflMc, Witf±EJcia*ii*n 

fcNattkemper ftilOl#flF "CJi, DLCtDSL 
AM £fijhlG itespan ADS L'^ 

w fArti:*i:ttt5o mil l^-TJ; 9 ATM- 

over-ADSLll 8«fffloy- h ttlfiBl 
1 1 2*"&A/-CV^ cfc 5 K3HE£ftfc*fr&D LC/D S 
L AM 111 0fc««**l/ri*5 o h*~-f HMEl 

1 1 2ttDL C/D S LAMT^t^y — Kl 1 141: 
8^£ftTV>6 0 T^t^y-Kl 1 1 4TU TDM 
7 s — ^Sr»iS"ra*DA*ATM-fe^dsy— h^-f 1 1 

1 2 ^/l—^^ >-^£fts h!)x^lll2 (4TD 

Mx — *5rffil!3 fctiLT, MttfGR - 3 0 3£fcfiTR 
- 0 8 y y^^iMTT^irT,/- K 1 1 1 4 £:J&§-r 
20 5Ri:C01113 l:tttt5n-^;H|a)^7^5 £ 
Iftflll 2 9fCi£m-r£o 126 (Ell) tet!<D?9*5 

&**^©»*ii*»-c*>a. **i*n?tt, *m*«sfi§i 

Hi 2 8 IZfatftzfyXS 1 2 9^^(7)TDMF 

7^ yt&r— ht*4 1 1 1 2 icausu h 9 

x>(1112 fiTDM h9:7>f y ^ £:ATMir/Uf*Jic£l 
£tU DLC/DS LAM1 1 1 O^r^LXiS^O^AT 
M— over-ADS L^JPA#y >M 1 8 ±^i^fti" 
5c DL C/D S L AM|j:^|#S#^*(7)ATM-k/U^ 
ATM^y h!7— ^ 12 0 <bATM^Af DS L ]) ^ ? 

30 118 <!: (Dmxjv—T- A >yirZ>o h?x>f in 
2ioJ:l5ATU-R 1 1 2(2S^<7):7 P t=* :7 T ^/I/£-/8v^ 
ti?(7)AAL- 2^#j-fcioJ:t/jl^n^|ltTb, ATM 

[ooi9i wfttfflts f^^j t^^mm 

^ i:14orv>tJ:v\ r^ifttttj v^fflWttii*. A 

t"— ^-<— -XJi. i:f9*?tt. #^OATM555feT 
*^ri-S*«-fe/^SrteiS-rS^fc4f(OATMtti^>f 

DMttJ^-f >^ 7x-^KOTDMffi^-( >^ ~7 — 
5^7 [0 0 2 0] *fc*:Wa#tcffiffl-rs r^Sfbj t^^o 
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SIS h^^^ ^^(7)^yi-^7 p i/^i^^Nf@(7)A^-f 

[0 0 2 1 ] *^:*K«B»t-ffiffl-t-6 f/u— x-r^yj 

[0 0 2 2] B3liLi tespan ADSL T 

m^^-f^P y^E|-CfcS 0 Li tespan ADS 
Lv^^-Mi. -9— tr^^P^W ^<0**^3 1 2F*UC 
fie-r^L i t e s p a (COT) 3 10 

* (RT) 3 1 4:fo£t>*3 1 6 <b £r^A,~Cl^ 0 A"^ 
3. >3 (£##Di~<5 # L i t e s p a 

nK310, 3 1 4*3J;U<3 1 6 te'Pte< k fc 1 0£7> 
Li tespan ADS L^^^/W<>-^ (C B A) 
Sr^/^Tfl^So Li tespan AD S L^-r^/W^ 

o^/;(iSt(Z)ADSL[HligeM (ADLU) k & 

D S L^^ffrM^B (ABCU) i:iilfi-So ABC 
UIHDM^^a^ h^tfc (T S I ) , AB 

CU^t'l^ft^y^rt(OAD LU(Df:i()(7) 

oist-n, m*co*v yy—?;— Yk ur^s^s 

h ^^^f^^L i tespan v-*^ Aft<D##S 
L itespan ADS L ^-y -*/W^ > ^ [*) 

KSTf^fllTteL i t e s p a n ^rAiftt' L i t e s 
p a nSjr^lCloOABCUiCW-b^x^ 
«MiE£«efc-e#5o EUtiL i t e s p a nis*7 L J*± 

COTft?>ABCU_tlCf5;eL, ifiBBdS*rtWABCU 

[0 0 2 3] HI 3*5J;U*4 (DmifoMM^-fff— h 
^ftifit^ATM^^/ h !7 — ^ 1 2 0 <b L i t e s 
p a n^7A^ATM5M77/D 

^oT. — JfttfjtCtt:, Li t e s p a n v--X^i* f*3C0{£ 
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icy- h ^^>r*— tr^SrHfT-rs c ta*-e#6 0 

fi\ EI3(i, hl7 — ^ i 2 0 2r^LT0 3 (£> 

L i t e s p a n v'^7 1 AJwgjKSttfc*jxS»f*V>^ 
ftit^TDM/^f^^^iSttlft^Sil^D S L 

AM3i8^^f 0 -£toj; 5 4»J:ot, li^ 
K7-n>-y— h £^ 1 3 0&&M<DD S LAM 1 
14^^12 2i:gg^fLtATM- o v e r - AD 
70 S L^(7)fc^tC^m^lHlj»1^-^^^ti«i-5^<b 
ffil©^-h?x^««|3 2 0, 3 2 2^ 
tz&3 2 4 (iATMy £r^LTD S LAM 3 1 8 Jd 

MRS *tfcffi*©*nA#^»«*»iaj|»-9— tr* 

tS^t^t^So IE3tf)DS LAM 3 1 8(iL i t e 
span COT310 k ^Cf*^3 1 2 Kfifcfii-S 
* 5fc*S*VCl*3aS, S"Jom6^ffiT*fi. DSL AM 

3 l 8fi^S^{cgiJ<Dfig^fooTt>J:v\ 

[0 0 2 4] E4T% DSLAM3 18lt ATM^>; 
h!7 — ^ 1 2 0t^Lt"ettft< . L i t e s p a n 
20 COT3 1 OCOATM/f-h^t^tt^ (0J:Ui, 
Litespan ADS Lr^^fx/f >^^:*i^L 
T) . 

[0025] H5fi Li tespan ADS L#£3*cF*9 

«lgl5 10h Litespan ADS L^-T^/U 
(CBA) 5 12<h, -tjXfc&ft2»«rt-<5TS 

£ c L i t e s p a n#til$ij^^|g5 1 0 J3T S I # — 
K5l.6<i:, iffiSfflypt^f (TCP) 518^ 
7*— £r^<— ^ (DB) 5 2 0 i:^^^ o Lite 
span CBA51 2li^7^7 P ^>'^Lt AB 
CU 5 2 4 icSSKSfcAD S LgltlfifltSI (AD L 
U) 5 2 2^-aA/TV^ 0 AD L U 5 2 2 13 A TM- o 
v e r - AD S LgliA^ 118 £*{&-<r£ o y— h V 
^4 mm 5 2 6liABCU^ K5 2 4lC^^T 
ABCU 5 2 4^sxM7-MI©TDMb77 
W y ^ (IT S I y— 514^Litespan *ii 
fflW&SiS 1 0 <h itjY ITTDM^ v yy — t 1 3 3 td 
mtfc&tlZfc, ABCU5 2 4<D*y — ?M<DAT 
40 MF77^-7^llATM^y F7"^12 0l:gi^ 
So fffi^tPVC 5 2 8^i^rtWTDM^- h 

1 2 8 ty— v v^^mms 2 6 i^ratt^stL, y 

— h ^^^#^5 2 6I1T S I y — ^/U5 1 4 <Jr*il*J 
^15 1 0 it^UTDM^y h!7-^ 1 3 3 i^y 

VC5 3 0^DSLAM3 18^Lt, ^/cfiE 

F^^m (cpe) kv- vv^^mms 2 6 knmx-m 

50 [0 0 2 6] 0 5fi*yhADS L«»fS*HWlHljt6ATM 
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ii7J^i~ 0 tf'Jx.Cf, Litespan CBA5 1 2li, 

St (HDLU) 5 3 2SrS5>l:^t*^5, 
[0 0 2 7] BStttfc, «^)7t0^POTS^ 

1F*K— ht'ltt^: <h fc^-To 12 5 T** IP H. 
3 2 3IISI5 3 6|j:/^yt;^yt^-^ (PC) 

5 3 8{r^gg^n, /^Vt/^yt'a-^ (PC) 5 

3 8 & i yy — 9\\ O^LtATU- 

R 1 1 2^*(ttSnrv^S. IP H. 3 2 3SIS^5 
3 6tt±IE^ft*ii**tfc I TU-T H. 3 2 38)^ 
^iS^-t"5 0 ATU-R 1 1 2te IP H. 3 2 3 CD 7^ 
— $ £r A TM AAL 2 tO^ff St£f P O T S0#|1r/W;: 

til y-hr>x^«5 2 6|j:IPH. 3 2 3H;M«S 

#5 0 m<Dmmmmx^ mmmnmmzpcs 3 sic 

ggc^tb^PC(7)^t 0 --^ioJ:t^^-r^cz^^>'. £fc 

nm^m^:mMmm<DR j 1 iv?ty^^ttt^ 

KT\ SfcliPCrt^y7h!?x7S:^LTl*t-# 

IS^^PC 5 3 8£^£Tt-B:^-^;y h?-^ 1 
lOi^itt, H. 3 2 3«Ritt7to 

^ft-^^r^V ^^/WttT IP-over-Ether 
ne t^lTATU-Rl 1 2CMI, ATU-R 
1 1 2 li^rff ^) tU LTSI/ATM AAL 2 

;^i:Miry- h 5 2 6 tc(6]^T^mi-5 0 

[0 0 2 8] El 6 ^H! 5cOLitespan CBA5 

1 2£r^U ^JK^^ftKB 10KBA51 2 3:^ 
L^JKcox — ^»8S6 1 2 t4r^-T 0 0 6l**/cLi 
t e s p a nlCctoT^tTSn5V^< 0*^ft5£(^tti 
^^•To #t-> ABCU5 2 4±(^)ATM^ii77y 
y 6 1 6tt. *{B *l»*jlrftBg 6 1 4 fab?— V V 
x^ 5 2 6 IT^TDM- over - A TMir/U(D/U— 

5 2 6 *5«fctf £ ^IC^-m — y»ft$^fcABCUtfc 
ttD S LAM^f)^- h!>x-f 5 2 6^TDM- o v 
e r - ATMVC^-T^^t^o h<?^^5 
26liTDM-over-ATM VC^Sl, TD 
M^t — P&Wl 9 tH^"o ftl/^-h!>x^ 5 2 6llTD 
Mf-^?rSB I (*nA#^<^-f >^ — ^) 6 

2 0_h<7) 1 o^fcfia«C^5aa*6 4kbps ^^fA^ 
do,hcA*l5o ^fcy- h^zn-Y 5 2 eiiSSWfc-fctf 

6 4kbps W^-Caia— JB5fe*5 «fc tf-fe/U<7>ffiie/JEl|8 
fl?^^^tT-r5o £<bl^ AAL-2t/H:^^tl 
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T^SttS^POTSil^^fflOTC P;* y-fe — v 5 ^ 
-^yU6 2 4£^L£:L i t e s p a n ^iiftJ#P§£© 5 

1 0^|6Utfc, S B I 6 2 0 JhcDffiigc^ (OOB) AB 

5 2 6(i^ffM^POT StK- htcSJffiSttfcW^rt 

81^) fc 46 M*fif|tiJ«36B I^CtTTD Mil*u SrHfTi" 

[0 0 2 9] TS I v V^mme 2 2\X>f— V V 5 

2 6 <7)^<DiiijCDAB CUftKfffiELfcT S I ^jy^ttl 
70 ggi:I^DT*fo5o :«iliTSI|-^5 14l(D 

^-f .A* a h£ x CBA/^7^/l/-y±W«^)S 
B I ^<^6 lOt, h 5 2 6CDTDMfIij(C^ 

j^^ttfcS B i /^iKO^^^^o y Kcoi^^jc^j-jj;^ 

-£S 0 £ h IC, Litespan *iiffiiJ«)SSe 510rt 

(Df-^^5 2o das) ttitK^nrsfSiSJisHHi 

*i«Biaot«ftSnSR8POTSjK- h *fctt* 
(DttLCD T D Mt- fcT;* & mt&X' # 5 o 
[0030] ElTjocfctFSf^Li tespan-200 
0ffi*±^#»9|eD||lteffil$£ Li tespan-20 
20 l 2«*±©*161l8«i:fcJt:«-f 6. 07I1L i te s 
p a n - 2 0 1 2 4$3fc_h<D^JM#£^-To L i t e s 
p a n-2 0 1 2**"Cf4, ^iiftJ^e 7 1 OfSST 
S-T — ^ 7 1 2S:^-ev>5Ii:^-e^5o L 

fc^o-c, ^{f^Hg^ig^ 1 4 fi h^^^f -y^^u 

-(O^r^rtic l ElrtTttT s I y-^/u_b-c»ai$n 

£ G 0 8 l£ L i tespan-2000 #^±<7>H;&6ftI 
$<&:^"t\ Li tespan-200 0S*"Cfi. *ii 
OT^f 8 1 OliTDM^y h !7 — *^<ZM > # 7 zc — 
*Srgr^"Cl^jfcV*. -t^ft*?*) tC, Litespan 
J0 CBA8 1 4I*I<Z>DS K8 1 2 ^ITTDM^ 

i i 8^irfflt^o 

[0 0 3 1 ] ±fEOcfc *pja#(cia«<D/u— Zf*. 

(7) A A L- 2&#Mfc£/^TATMi?/Uftl::^it£ft 

-64, ADPCM- 3 2*5«fctfAD PCM- 4 0, 4 
5>W:9 9 -0 3 9 2tet*<DmteZn-%ikJ?iK,X'=g?t& 

[0 0 3 2] flf£ L < »tfeffFttO««B*«£ (defaul 
t) t LT<7)lEllS<IiS'Jil*D*-^: (CAS) SrfflV^, a; 
$(7)AA L - 2 (Oi^— t'^te#g|5^ i/x. 
iy^-Y (SSCS) iffi&#5tasc P E*y— h £ 
OPflOii*P**i: LTfieffl*tt5o -tttt-ttt-ett^)* 

50 PDUC1^< 0 ii^PDUIjcPOTSffl^W^AB 
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^731 — ^<Dp*<03i^ K^#iij|ftiifei^S; (CCS) 
h-t&m&s ±fE<0 I TU-TligQ. 93 1 

[0 0 3 3] 19 teH 5 <£>*««S**0» 5 2 8 £-y-/tf— 
h-T^fc^tCC PE 9 1 0^7^5j»il 29^ 

WS^rtosssat-tcoftfe(ocPE 9 i onr^-c^ 

g%ATU-R 1 1 2 l-^f-r^o ATU-R112 
ttr^n^fS#4r^/u^W#a£IH (PCM) »SC^aE» 70 

2rtllfl»tS. ft^t'ATU-R 1 1 2I1AD SLft 
li/n h^/I/^ffl^TL itespan CBA51 
2l*JCDAD LU 5 2 2 A TMir/U£ri£{f "T £ 0 AD L 
U5 2 2 fiATMir/V^^ 9JijLTCBA5 1 2 ^< y ? 
~f\s — If S B I /U^tt±^fp][IABCU 5 2 4 
[Cgff L, ABCU5 2 4(iATM-tr;l/^Stt ; en 
£<E>1r/urt<7)VC I d^ir/uSry— YV^ffi&S 2 6 

5 2 6 (iAA L - 2 ATMtyl/^b P CMf^t 20 
^fi^ltL itespan SBI s<X&£X*T S 

I tr — 1 4 ^LTJ:^ ^fatCL i t e s p a n 

*iIftJ#P$im5 1 O^fDTS I # — K5 1 6 iCi^ff "T 
§ 0 TSI # — K5 1 6f*. *il^Jt»iSM5 1 O^S 
TS^(y^7x^ (H7#88) lf;liCBA5 12rt 
WDSHy^7x-7; (EI8#fig) £:frLTi2 <9 ^rfa 
(ct^fyy^^^7^5M«i 29i^fft^ 0 T 

So 

[0034] ATU-R1 1 2 £3 <fc t>* A B C U h ^ 
x^ 5 2 6(l ATM AAL-2WATM^8 

m (pvc) Srfflv^T2o<oft«IB-ea6«*ix5 ± 5 

s#t^tL^ 0 m<DnMBMitt-<*i*. :n^2o(oxvK 
>- hBB^iift « i Tuft^Q. 2931 ^ta*sn 
■r^5«t 5 izmmmm (svo ^LtufTtts, 

^7C, i 5 J: t; 9 (C^fC P E (i7t o ^t^ff f ^ 
^LTATU-R 1 1 2 fcii«-r5T^o^«K«l9 1 
0J&»&&5tfS, SU^HlSJgffiT-fiATU-R 1 1 2_h<7) 
htt*<Oftfo9 tdC PE 910 t^4f>f^^ 
/UNX 6 4 k b p siiff Srif h~et So c 4<? 

m^5 2 8±-C#aSSH63.-1f h9 

s^itiaiM— Kf-?t- tr , atu- 

Rl l 2rtOPCM^fttt^Sftv^ Se>^33'J^H 
*S»«"ett, ^.-f h 7 7 ^ 5/ ^ fir ^ A 
TU-R 112 tc^ff ^tt57 Kr-^t- 
tr^^bfefj, ATU-R 1 1 2 tt I TUlS i . 36 
6. 1 IClEffiOAAL- 2t- fc**fifeffS|5=iW< 

— ^oi VXih^U-T-V (SSCS) ^^T7l/-A^ 

— Kf-^^ATM AAL - 2 ir/U^S#ti"'5o 

[0 0 3 5 ] [§15 C05tm *S£f[H]/§& 1 2 8 t>*#^"T 5 50 
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PE910i:Litespan CBA512 <^<7)Ffl{^ 

i-a£^ofcj;< jn&n-ci^s pot soi fribftSrft 

*5*-ffiSrfflv^rSP{f«3|sHHlj»<7>3i^ K#>fy MM "CSS 
fSi-S^S* s «>So ^^HJS^ffiT'ii. ATU-R 1 1 

2 ty- h v^-tmms 2 6tt±e^«a*a**t*: i t 

Ui^ I . 3 6 6. 2 1d^£fc*ftLT*&»fc«*PAT 
S^llt^t I . 3 6 6. 2 i£t£oT^£f£;$X<5o 

(dpot sEMft0>»£\ iPA#ii4PttcPEofc»jcc 

B Art 0>«£*<D POTS 3fcfflF«Ifil»aJBt3g«(C ioTL 
i t e s p a rw<^_h<Z)L i t e s p a n ^iirSM^H 

RfiL i t e s p a n *ii*J»3S«^ ?>Sft Lfc«*P?J 

^;^ir, cPE^[pjftTiaa*r^-i2^a*oS:ffi 
*t5 0 m 5 o#« *l|sniij»<D*lt*«-ett, CPE 9 • 
i o<afc#K*iiffl»3£«5 i oicr$]ttrr^n^a^a 
sr*f?i-s<7>ra:y- h v~4mm5 2 6-e&9 , &mm 
1 o^^ft ufcT ^m^-^^^i-c p e 9 1 

0tcr^ttTT-^n>/il*a^5lfTi-6(Z)fiATU-R 1 1 
h^zn^Cmm5 2 6 HTU-R112 

IBftRRfJDSLEIjUl 1 8±"eo#*ttfflSr*^M»^i- 

[0 0 3 6] IMff**** W***^— **J:iWEl*e 

t5^y F7t-7 7 hteJitf^JiKtei-^-C ITU- 
Ttft^I. 3 6 6. 2 ^SE*Stt"CV>-5^«>r 
fliKSfcV*. fc« U ILT, TDM-ove r-AT 
MIK<^MII^> m-T^T I . 3 6 6. 2 {C|E«c^ 

c) #^T^^^if^-f*micJ:6«i*EE«lfc**#A 

d) ^^A7nyhfcfcHo08kHzt^T7FW 

^ h y — Act lt^ih]^^— Kf- 

e) f-^7l/-A^!)tliLt77 7^*, tfy 

h^^77>fy^j;u?CRC (as) 

f) 7 7 ^^^y^J;^fAh77^'7^, 0*Jx.tfiij 

g) *H»^r««»^b©y-f ir^**«>»l9 BL 

h) EUftflWaftifcr y h(Z)fei9tUUi:^<7)il^»«f 

i) i^ftJW^Jct/lifte^— ^O7t«>co7r ^ 5/^ y 

(D^<— *s<> (OU^it 
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j ) T7-A<£>1$tb 

k) &m&titzm-£r<os s c s^commmm 

[0 0 3 7] £ <b(-> aU©j«l6«IB-Ctt, i^fSfll^v K 
tt-T^r I . 3 6 6. 2KK«£ftT^5 l o£;fc:f;M£ 

a) ^-Jrj/ htttf^<0W*{b*^fcr3> h<Of¥A 

b) /<iryh^y^©7^-;H' (WilfUUl3-K 

c) tt*G>***7/i/=*!/ xj*tmm. siDifyhwif 

h y -aos a 

e) K9B±ttt^< r s' h'>-}ry^of-^7i/ 

A 20 

h) «gijs*Lfc^y h m&^<o {B]mm%m& tr 5/ 

#A 

i) w^fcfcoRBUSftfcA^y 
y-<— */<is K tr 5/ h(D#A 

j) h«/*^OT7 — AO#A 

k) 5« «-e0>tif«* h y -A0O^NF^«^ (isochron 

ous reconstruction) £:;£!fli"£"<5 3> bis — ^Tlz^CD 

[0 0 3 8 ] T DM— over - A TMS&S^^ff M=^ SO 

ymt^ti. 3 6 6. 2{zmm^tix^^^T(Dm 

b) «jS*ih*(B:«^Sfc»o^lH«c:«iBft/<^y h<£> 

fc<F^ fcT jy h <9 ill L 40 

y b y — A<7)^«9 mi 

h) ^ir/u**W#©*9tHL 

i) ©i»lBSi]ii*n fcf 5/ h^I^^iJ fctiL 

j) 7r^->; y Ktfy K<o^i9ttiL 

k) 77- IHL 50 
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1 ) a— ifttJMflllM S/-fe — v*Ofl¥« 

[0 0 3 9] g{f{RiJ^> Klit^T I . 3 6 6. 

2 kie« savers 1 ^&fctemwc<DUT<Dmm*mrf 
a) tt«^ h v—Mzmmztizwwknwm 

c) s scsfrb<Dn^-itmn(DmmfcT£ 

d) ^»AiE^T-(-ctoT^$tb^ifciiy^x^ 
^^x-v^^-y-v:/^-- to&pify b tomtit 

f) J**a y hfotzV 1^><D8 kH z JrP'r y b<D 

g) f-^7I/-A©Stt77S/^Bl t'^F^ 
^•y7>fymt;CRC (It) 

i) tr* bmm>b<D®mmmmto<Dwtk 

j ) b\fy bfrhcoyr?^^}) <r>n^M 

k) 7 7 — 

1) 1ftfctBfW»ilifP©*«*3<tV»B 

[0 0 4 0] ATM AAL-2tt«I^J:ot2lflfl)^ 

6 i: ATU-R 1 1 2te$ r £U<f* > ^B&BSS^tf)*** 
CODEC7 P n77^/^ LTO 3 2 F064kb 
p s /i&IljPCM&JztFADPCM- 3 2$:12t5A 
AL- 2 ^)tmATM7t-7 A<0*«J^«|S*tfc 

5 2 6 j6j:t>*ATU-R 112 fcfllKZ^j^C O D E 

CPEHi tespan <t <DW\<D? a y ? mM 
<D^m&fmfe<D^&tfL i t e s p a n^^^T^^^ 

jiT*(L h !>x>raffi5 2 6^j;(;atu-ri i 
2 l< r4**W»Si LTigtfHBBUilto;fr5£ 

(CAS) Sr-J-*- h-fS. »*L<tt. 
ii»*5S (CCS) hU tt©t*-h*CC 

CAS ABCDii*Pfcfy H*^y^7>r~ yu KKl4*Jg 
«t(fi^fe6AAL2^^f/3 (UUI=24) 

[oo4i] tfa/i — >_t-ed. ^-M>*>f«fl6 5 

2 6*5j;l/ATU-R 1 1 2f;£*r£ L< tt/U— ^Bl*&* 

\z*9<< ^zmm-rz,, atu-ri i 2 

Jbco POTS h * h^^i^— 
fl&<D^i-C*»W*ttftV^»'&, Li t e s p a n(i^tf>^ 
t^/HOATU-R 1 1 2t)*b<DW<DMth&mzfe1l& 
t6o ^K'^^ CPE9 10^t-t^^ 
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Li tespani©TR-08, GR-3 0 3, * tz 

[0042] 014 fi Li tespan /^StW-T 
(OPOT Si^-— \?^<D* y± — v*i£gfl| 7n- £r^L/c 

itfc^c cPEi4io(trtp^yy^^itp 

OTSISHttttfttt 1 4 1 2fcl«|*S*U POTS0i 
ttMKB 14 1 2lt POTS miR8»ft3gB 1412^ 

X — * (S BDL) ^ItL i t e s p a nrt 

(DTC P 1 4 1 4, #i§f|Hjffll3Sfi 1 4 2 8 i <£>Rf|-Cfii*n 
1S«Sriilfi-5o ^s/t-^llSBDLitPOTSIl] 
Igl^H 4 1 2?5^/<>7^7 P l/-y/^i^oTA 
BCU1416^ ^CTSI^-^/H4 18^ 
LT*iISiJ»3£fi 1 4 2 8 F^IOT S I # — K 1 4 2 2 
Ifc^ ^t^-^ffffSTCP 1 4 1 4ICM^ 

5 3fftil 4 2 0^©lftl^ yt-v?(0»^, TCP1 
414^&TSI*-K1 4 2 2 ^gTTS I ^ — 
14 18 ^ItABCU 14 1 6^T'»TR-0 

8 JtliGR- 3 0 3ii*P*5ilfltStL5o ABCU14 
16I1CBA1 4 2 4/<5/^yu-y^LtDS 1 # 
-K1 4 2 6^t*TDM»ST*lft]^ y ir — v^/U— 7" 
-O-^L, DSU"Kl 4 2 6li^^Cttl^(0^^ 

7* 5fg*«l 4 2 Oicyu-x^ >^-T5 0 
* 5 * 5 1 4 2 0^bTCP1414 — (7)T 9 i§ 

[0043] POTS ©ISgM^B 1 4 1 2 £ T C P 1 
4 1 4 b (Om b T C P 1 4 1 4 t ? 7 * 5 <h <£>Pfl 

OTSI 4 1 8±(D^— ^ joctt^ii^a^^ — 

hJcov^rtt±IBtc|a*a*nfc*BI»ITSB5 8 8 

9 7 7 3-^^ ±fa^*&*i&**tfcTR-0 8*5.fctfG 
R- 3 0 3tt«Ki£ifc£ftTV^5fc«>. ^^T'tt»t)ig 

tztz L— flNfcfttV* 5t> Li t e s p a n 

TZ> 8 m<0 1 2 5^^Df71/-A^tta 1 ^ y f> 
<D*— 7 U — AiCAtLT«i^StbSo — Afi 

3 2/<-f h(7)^^A^D 5/ V y -A^/ut' 

V^*DAf/^^y^7x- * (SB I) 7^— F 
SrWU A^d y h^W H* 1 6 fcTjy F^I 

h y — a^sb i 7*—*y 

ts I ^-^/u±t?tt«*^i/ HffiKttfltfflSix*^. 

CB A 1 4 2 4<7)/<,y^^ p U— SSt?> tf ^ h 

tfcBtt± «9 a d s l 7- 9 zmm-tztz $> \z&m s a 

£ 0 S B I 7* — hteftgtfv'^T- Ailff 2 4C0 
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D S- 0\n 1 OCOVT 1 . 5{f -^Ofca&tf^Jgc 
[0 0 4 4] S B I — ^ y b<D 3 2'<<J Y<F>5 << A 

ii^/M hsic, rtffls^-* y h SQR (f- 

— tr^S*:) . 7 h<z>#*— 

V^/lstf 4 i?*A'tiS-&l"<A'-g (DS0) ^-r 

h01-24 \ZftmZtlZo 240DS 0-r — 

-rjy hT'Mi££*l5o **X?>0V<>f H*. 125^^ 

^^^^/um^-i/^n (dsi) ft-g— ^bu^ks 

/MRO^y77 y >r&*jmte£ 5fc* 3oOf^^ 
Oia^bftS 1 2 d»7 A^^TT LTfcfiJ £ 

tbSo DS0ff^/WMh(Of-^lt POTSlHli 

^ttfc^m/i&aiJ^^-— ^y hcDSB I Y\Z 
20 ^»£*t5o tTy hltrS]il*P^>r h S I GttT 1 V^t 1 

tizmizm^^htz^/is^TTR- o sttm^zmm^ 

N S RQio J:^S BD L(1TC P 1 4 1 4 coiiff «&b6 

&mm-rz>o &*-s<—7i — ^(Dm^mm-r^tz^ 

[0 04 5] 015(iLi tespa nSt^^fff* 

s/t-^Mff(D7P-^t, 0 15S:#it5t, 
L i t e s p a n i 5 1 8F^j(7>ATU-R 

1514«hTCP1516 h(Dm<D* y-^ — iy^^^/U 
1 5 1 2^o^T«Ttwift931-£o il^a*xtfff#^L i 

tespan CBA 1 5 2 4©ABCU 1 5 2 2^(7) 
ATU-R15 14 f^x^fl 520 b<DrH<D& 

^(^o^rfij^LfcAAL 2 ATM-fe/Urt^Stf^tt 
5 0 ATMt/WiATU-R 1 5 1 4 b AD LU 1 5 1 
8 tOffl^ADS L y l/J? 15 2 6±X*&m$n, 
^ t*CBA/<j/^7 P l/-y/^K'CBA 1 5 2 4\H<DA 
BCU 1 5 2 2CiS^tl5 0 ATMgB(j;y-h!?x 
^ 1 5 2 0«t5^ ^yt-v^SK«iABC 
U S B I /SBDLWft^^ltTS I — 
T'/H 4 1 8$rgtTCP 1 5 1 6tT'S05Tt^ 0 T 
CP1516^7^ S&t&m 1 5 2 8 4: OPfl(?5ii*Pic: 

tt«3E*s*v^ Tvm%i7*-tema&&&mztib' 

[0 0 4 6] Ell 6(iil 4<om$L&m^^tz'&%i<DTR 
-0 8«l*7n — Sr^-ffflS^bLyhliUrigir-S>5 0 ^ 
PbI 1 6 1 0~C\ ^^75^iS^l 4 1 0^77^t5 
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t, m%m&<nmf$&poTs®&mffimw*— ki 4 

1 2KJ;o-C8!fcb£j|x. fcV^-CPOTSEI*|»|«3fi«* 
-K141 2(i^igc^L i t e s p a n £r;fr L T, 
TC P 1 4 1 4g^t'D SI*/— K 1426 1^^7 7 7 
^ y-fe — ^Sr36fi U ft^tD S 1 # — K1 4 2 6I4 

*y7y?mto&m*?7*5 : £WMi 4 2 o^i^t-r 

£ 0 ^PPfl 1612T\ fyXS&t&mi 4 2 0(t Li 
t e s p a n^bCO^-^^y^fg^lCSLT, ^ft a 1 
^DSl # — K 1 4 2 6 t^^f-T^o D S 1 14 2 6 
tt««*S:iai»*- Kl 4 1 2Jc3KiSU EWb&— Kl 70 

4 1 2 ttjsfg ^£®fg*& 1410 ^as« -tz> 0 mm 1 6 

1 4T\ JH«»«fi«l 4 1 OTl^^t/H, V 
^t^*nfc«*tt^5^ 5 3£#M«1 4 2 OST'SHf $ 
tl6 0 ^T^PpII 6 1 6T^7^5$«1 4 2 0 <t 
mig^ 14 10 t^Pfllixy K % > — ^> K^>^S»a£S 

tt5 0 M^, ^S§^»Ti"Si:. JH£l*«fiWl 4 l 
0£9J5 (NrMi 618) 0 «««fcHv*fcl§IJ»aspo 
TSl3j|»*jtt3g«*— Kl 4 1 2i^J:o-C«mS*L, P 
OT SlHllSS^ciS©^— Kl 4 1 2I4L i t e s p a n 
«F«^iiftiSr^UT^-^7 s/^iI*P&D S 1 K 1 4 ^ 

2 6icSmL s DSl^^Kl 4 2 6lift^{:t>'7 
y^fl#S:^7^5 22««l 4 2 0*^««f5 o DS 

fS, POTS^-Kl 4 1 2/i^DS 1*7 — Kl 4 2 6 

^7^53S»«li:«8S«l 4 1 OiroBB^^ y 

[004 7]Bl7fiHl 5CD^ffil^flHl»«^^fflV> 
f:POT Sliil 5 1 0*^O5ll*7n— Sr^-rffi^. 
fbLfc«Lrg|-C?*>-5. Xr^/l 7 1 or*, jp^te® 
sSSSl 5 1 0©SB»tt7 7y^l:t5 8 ^ry/i 
7 12t\ ATU-R1 5 14«t77^^tti^fttH 
LT^;ft£f!u*E<£>J; 5 CAAL 2 ATM/^y h £^ 
Lty- h ^zn-f 1 5 2 Otcfcp^-tlrSo 

5 2 0«ATMgS^H*t, iiui££>j; 5 I:ab cu 
SBDL^LTt77^^1fe^L i t e s p a n 
TC P 1 5 1 6 \C&mi~Z) yZf\ 714) „ ^=r 
y-f\l\ 6T\ F^^fl52 Ott^fcL i t e 
spa n^igc^A/Bil£o£r;fr LTTC P 1516 £S 40 
&LTDS 1#— Kl 5 3 0\cHryy y$ * yt — v?Sr 
^<f1-^o DS 1 # — Kl 5 3 Ote*"r ys* 1 6 10 

(Hi 6) ^J:5J-«f*rtiifeiSr^U"C^7^5S5*« 

1 5 2 8|:t775/^^W5o ^9*5 3£J8M&1 5 

2 8^^:7:7 >;/ ^ff-^^^lSLTV>5F^. ATU-R1 
5 1 4(j:l»l 5 1 OtcSI»SrSttrS (^r^l 
718) 0 ^r-7/1 7 2 0T% Li te spa 
n TC P 1 5 1 6^^C0^C^T SI^^fA^Dyh^ 
WO ST. C(^fi|«9 ^T^y- f> ^^-f 1 5 2 OKSHf 

t5 0 ^-f^^p^ htiuat^yt-^y-h^x 50 
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^ 1 5 2 0 KJzoTSff 1 5 2 

OliAAL 2ii&£^LT^g£ATU-R{C*aib-fc!: 
(^77/1 7 2 2) . ATU-R 1 5 1 4 t V s — h V 
x^ 1 5 2 0 k<Dffl<D A AL 2=gps<fry b&MitiX'g 

<E>o 

[004 8]gi, 77'7yi 7 2 4t\ ^ 9 * 5 
I1 5 2 8ttDSl^-Kl 5 3 0*iMtg|?> 
— v>£rL itespan TCP1516 Migi£ L, ^ 
9*5£&j&l 5 2 8^&«IS«Bl 5 1 0*-e«f*rt« 
«*«:ai«i-6 Ury/l 7 2 6) 0 *v*-e*9*5 
*£&«|1 5 2 8 iSJSttll 5 1 0 fc(0mj-CAB»»R« 
tfSHfif£*L5 (^T77 P 1 7 2 8) 0 /A^t^t^i 

^ <b w^x— * *s«r»(0*i6-cttis« 1510^7^ 
5^*«ti 5 2 8 t^Pfl-eaifssns (^7^173 

0) o 

[0 0 4 9] [HI 8(i^7^5$ill 4 2 0-(7)GR 
-3 0 3^ ^^^m— J*Srffll^ig 1 4©lST'0!lf* 
o»PFSr*-MBWb*ixfcttLrH-C*>S. B#R8 1 8 l 
0X\ SSKl 4 1 0^77y^tll-ft5o POT 
S|eI«M/ — Kl 4 1 2iir^tl^0iLTL i t e s 
pan TCP141 4tZJt77 y? SBDL> ryir — 
v^i^ff U Scl^L itespan TCP1414 
l^^7x^/;l/-7 p (IG) ^/fA^D^hfl 
7t^ (TMC) ^Lt^7^5^Ml 4 2 0(: 
^^MRJERfc* y-fc— ^traSfli-S. «FIB 18 12 

~C\ ^775SIil 4 2 0liDSl^-Kl 4 2 6 ^ 
^LT I G TMCmfemm* yt-^fcTC P 1 4 1 
4lCi£i£L, frbl^OD S Of'JO ar^to 
5 ^^#8*3:^1 1814T*Litespan TCP 
1 4 1 4ilSt^ y-fe — v^Sim-r^o TCP1414 
liPOTS^-Kl 4 1 2 COD S 0 £^ 9^. 5*£J&1$lC 
£oTf«J«9 ^t^n/c^7^ 5 COD S lM^oy h 

icssjsawrs. b*ibi s 1 er\ ^7^5»«i 

ft**ra6fir5. TCP^«3i$^ DS1^-F 
1 4 2 6 ^ POTSlHli^l^- Kl 4 1 2 £<7>BB 

•eABCDgKEa^ntr$^5 o SIS«ti 4 1 ofi^ 
^t/H(?««^t^7^5S»t'HIU ^> 
K^y— Kffsftswscstt, S^W(-B#rai 8 2 2tl 

*fiae«i 4 i o<D&m%$$:*>7 y?^m-to po 

T S I§]|ftSMK3£B 1 4 1 2fiPOTS# — Kl 4 1 2 CO 
SBDL^^A^ny h^LXTCP 14 1 4\C>f>> 
V s/^X^SriSfSi-^o Rl^TC P 1 4 1 4iiiiffS 
KSr/WiSUr POT S|Hlj»S:S#««8tCi-So £/i:TC 
P 1 4 1 4 (ID S1*-K1 4 2 6 iC^>^^ 5/^^ 
^7^55ili 4 2 Oic^p^^rSi: 5lcm^i-So 
[0050] B19I1 Li tespan^7^5j 
%ffit 1 5 2 8 t<om<D-{ 3 0 

£^i-fiH^L/-cf2Lc;mT*&£o ^T^/l 9 1 0 
T% HSlimeWl 5 1 0S:t7 7«^i:t5. 
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^1 9 1 ATU-R15 14|j:t77^^ttl^ 

^mUT^tb^fjai^J; 2-fer/U±<DA/Bii 
^^iMty- h i 5 2 Oic&f>t6o **r *y7 

1 9 1 4 T\ V— h tj^'i 1 5 2 0 \tm 1 7 lZ7jk-f £ o 
CABCU^S BDL^LTL itespan TC 

tu-r 1 5 1 4ummmi 5 i o\cm^*mm-tz> 

(7 77/1 916) 0 ^r-7 7 P l 9 1 8"C% Lite 
span TCP1516liSBDL LTD S 1 * 

-Kl 5 3 0i:ft^/UMS*^lfL, DSl^- 
Kl 5 3 OliTMC^ ^ir — v^^^D S O^r^LTClCO 

lM^7^5$Ml 5 2 8CMt5 (77 7 /l 
9 18*5itfl 9 2 0) , 7^7 5£&J$1 5 2 8f2T 

(^^^^1 922^0^1/1 924) 0 fcfcL, Li t 
espan TCP1 5 1 611, ^tlt><D* y-fc — 

l 5 2 OKSffc-TS (777/1 9 2 6) 0 7 7 
7/1 9 2 8r^^A7n s/ hgSJK,* y-fc — *J&#— h 
v^^f 15 2 O^UTU-R 1 5 2 4 {Ci^f £*u A 
TU-R1514 b?— h^x^fl 5 2 0 ^Offlt'AA 

^Litespan TCP1516 \C J; o T Sit * tl 
Zt UT7/1 9 2 4) , *Hr«rt5S«*^^^^5X 
WI1 5 2 8 1 5 1 O^T^ff Six (77^ 

7^1 9 3 0) % ABii*Pil^^||firS*t (7 7 7/ 1 9 
3 2). «fS* 1510^7X5 1 5 2 8 ^(7) 

7/1 9 3 4) 0 ■«ttSB8«r*>'7y^i: 

S1" (7777*1 9 3 6) 0 
[0 0 5 1 ] *W#|B#^IE<lc^ L i t e s p a n «8*^S 

SBt^— Ki>3iT3fi«©*:*tt±IB^j|a*ji*nfcN a 

ttkemper ftil<7)*[14#FF^ 5 9 5 3 3 1 8 -^lCf£ 

&Lxhz>(oxz.^xam } 9M£^\ zcoixtovic, 

[00 5 2] l2(lLi tespan CBA2010 
(Ot%m-fZMWi<DZfti y^H^fcS. 112(3: 1 Otf> AT 
M/<>7frJ$l=Km (ABCU) *-K2 2jr«ft^m 
fflf>f^^/i/JDAtj» (ADSL) IeUSI*— K2 4 irS: 
-&Ay"X?V^o *M«I»-C«ADS LlHltt^— K2 4(i* 

mmf^vt^mx^m-Ju b^^^mLxmm^tix 

1^5*5, AD S LIhIIS^— K2 4 fi-^cOf^^^ (CfdlOai 

"Oil, Litespan CBA201 0liATM$ft 
«7 r ^ y y ^ 2 5 t' A TMt /U* Sftt 5. ATMJ 
««77/y 7^2 5fcfc/l— / (ADSL) K * 

y^-^- h^f)W:r>7 7 p 7x>ry^- h*5J:tf 
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W^^^J HPflt? ATM-lr/uSr/u— r-f >-7*-r 

5o AD S L^- MtAD S LSi^- K2 4±CfiI 
tSo -t^ct 5ft*^ Ktt#* ATMi?/U£El9 ttiLT 
ATMt/U^ISiAD S LfiS57t— ^7 Md^&S 

t^TiSPi^E as 2^*3-**) icmmtstiz>m$:mm2 

8 ic««t5/^^ ^^7x-^ 2 7 S:^t?^6o ifi 
RRSSStt. ^31Ji£eg. -fe^vMMs.fctf 

W^f* > hft»«*fctt-to«i©iiaftSS«*3J:^ 
-tVy^7x-x^ltADS lIh]^^— K24^ 
7tf bSllltADS L^ff7-^?r^SLT, m^K^-- 

[0 0 5 3] ABCU* — K 2 2 (i^fcD LCV^r A 
1 5i^J»gI^ltTDMjiil 3^bTS 
I 7-— ^;!/3 4_hT'TDMT { 9 N y 7 4 7 ? £r§:ff 
5 e ABCU* — K2 2 f 3: , TDMh77^7^SB 
I7t-V7 F«M6^^fA7D 7 K#J9 ISTKH 

(TSA) 3 5 (*Wj»«"CttT S I -^7 \?>?mWLh 
^t'V^o SBI7t-77h(DTDMF 

£0 DSLlelSI*— K2 4{ca^m Stt, ^e>i^>K^-f 

[0 0 5 4] ±f9*-fRj-C*fi. ADS L0H*— K 2 4 tt 

jSRisie^b^AD s L^fctijfe^e^-^^sft 

U :©gi7-^^^y^7x^2 7t'lSft 
ATMltlHDM F77^7^^hy — -M£*-fr6. 
ATMjoi^TDM F77^7^^h!J — AliTDM h 

77^7^^^^A^P7MJ^) ar3SH3 5K«10fc 

L. ATMF77^7^^ATMj»777 v y7^2 
30 £tl& 0 

[0 0 5 5] ABCU 2 2(i^ty- h^x^i^2 0 

1 4 £r^A,-CV^£ 0 ^ f -h'>x^20 14[j:ATM^y 
^7x-72016^ TDM^f^7x^2018 

h ^x^$iM12 0 2 2^ y^7x-^ 

2 0 2 0 ^tt6 o — h^^-^f 2 0 1 4 OAT M-Y 
1/9-7 ol — 7, 2 0 16 fifi&;|c?V<7-f — 7 2 6 
i:SBItl/^^36 ^ATMS»i7r7 v y 7^25 

T 7 V y9 2 5 t4 >f7 ^-**t £ G y-h^zcY 
40 2 0 1 4^TDM^>^7x-^2 0 1 8 teft^igcT S 
A 3 5 riSffig<E>S B I-fel/^^36 i:>T 7x- 7 £- 

ts^iPli:*6-e»»«TSA3 5 ^y^7x-7 

Sri: 5 0 v^— h">x^f 2 0 1 4fi, h^x^/ATM 
^fy^7x^20 16i:(£f(OATU-R (EI2IC(i 

^s-f) fconK**snfcvcKa*-rs»fli*»ia 

IS*— tf7(D-^7 fc: 0 ^^^, -*TiiTSA3 5^TD 
MKaWIWOS-CI-K^L. )|*-ettTDM2S«Il 3 
KRS-J-So y-h^x^SiJ«gf2 0 2 2rt^fT$ 
tLTV^^ y^7 h«>x7liLi tespa n ^iSf&Jffil^e 
50 frh<0&m/V*W-fc^-*> KIC^L-C. 5ft^ 
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ytfV^fcJfcM-S. TDMSMl 3— COGR- 3 0 
3^>-?7 ^ — *<Di§&s Li tespan^Iffl« 
1V7 h ^xTliGR- 3 03 CRV^SBI ^-Y* 

[0 0 5 6 ] B2(D7r-Ai?x7ft(OABCUy- h 
2 0 1 4(i^^^n 7r^f/H:S^^t^ h * 

<DD S Pf77 P t'AAL2^lt(^t^I^«- 
h-T^o ABCUy- h 9x>f 2 0 1 4(itfct-<t^ 
3Bf««WEI»SS«E^o^T* -rPf* t £E 

IB*3J:t/^3— JBi^OSSftT^-fe^tltfT-rSo AB 
CUy- h^x-<201 4joJ;t> , ATU-Rij:$ «b(c:7 

i~<5 CPE ^fp]C0 6 4 k b p s^O»l»ft®#;t&if# 

^h->-CPEii*P<D_b9 CASS^ y-fc — G 
R- 3 0 3/TR-O 8««rt^«#W£*MW«-*- 

-So 

[0 0 5 7] ATM-T >^ ^zn— ^ 2016 tt;fr|n];:& 

-^tt±IB^ft*ji*tbfcU topi att«iCfS«^^t 
tV^Ut op i a>fy^7x-^ttWcMt5o - 
OUtopi a ^y^7x^ttIliaT^tl^tt 
5 0 Utopia 1/^2, 1 6 h^r — (1 
6ty HAA, IG^vhltiJj) ,3 2. 7 6 8MHz 
9tty? % Mu 1 t i PHY (ft!lv/I/f7 P P 
/U) . h^-f 2 0 1 4Kfcl:lT KU^SrW^S 

T\ y l^fir/vt lSflt^ftfflnJ 

:©Utopi a >f y ^ 7 i^^ttilit f:t/U l/^U 
^>K*>i— ^Srtt/HU M(i4PHY (M/n 
h^/p) x lATMlt'fcS, 

[0 0 5 8] TDM-f y^7x-^li^- h ^xY 2 0 
1 4 £ L i tespan<£>TSI -{r — ://W£gM&i"5 0 

^CCAftWTS I^^KCTDMt^ ^ISil^O^J: 
tJ«SBDLllfft^^^Mt6 0 *TS I *T — Zf ^ 
12 6 0<DS B I x h y — ASrJ&iHU l&<D4-—7/i'fr 

&mm#*tmmx*y b^<Dmmmx% 1 

ii, #SB I±T*«i*ll524©TDMt^7 f -^^ 

^coTDM^^f-^^yu^^-r^o :tib(7)S B I 
L i t e s p a n<D-**?? n y ?{Z.mM£tl. 7 
ABB*64r^i-7 AraSB^/i/^Srffiffl-TSo VoDS 

r^fBjsifi-iaiifc©*^*^^*: c c a t ©nn-oaajn- 

[0 0 5 9] Jb K) *(6]-Ctt. h^x^2014 ti^r 
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^^^Mt*nfc*«*wiaifco*^*>^ (6 4k 

Hz. jufeflljPCM) ^FPGA/AS ICCiiL, 
F PGA/ A S I C V^/US: SBUhU-A 

iC^it^o T^frTrte, y-h!>x>f20 14liT^ 
i/^/MkJWcSPt^ (64KHz, /i&aiJPC 

m) ^f^fy^^sB i ^ h y — Aj&>e>*0ttiL 

f:FPGA/AS I C ri>bSff ^-So 
[0 0 6 0] ±9 TDM-T V^^^i — ^tt^(B3ft»b**& 

•>yr;M h y — 1 257^^ 
[0061] h^^2oi4 <t^— h Vx-^mm 

gf2 0 2 2 ^HW^ ^n7 p nt 5 'f«ll^>^7 

[0 0 6 2] W^ftJUtisJit/SI*:^-^— ^^Sr*fltb, 

ABCUOW ^ D :7n*yirfl>&Pf«flM3j:T/»ric,* 
^t-^y- h^x^ 2 0 1 4-.M ^ti^o ?-tl£ 

So 

[0 0 6 3] f^#BB/3(7)VP I x VCIioi;(/CID(: 
ff#i|3liVCI=p, VCI=a. CID=r£f£ffi 

i-s. 

[0 0 6 4] ^ O^^^n 77-f/^l^/:(17tf: 
llhybr id \Z&fe-tZ> 0 
[0 0 6 5] If^CODEC^PCM^/cfiADPC 

[0 0 6 6] P^i3 (7)x^-ar^y-iT7^ o n ^tclto f 

f tcis^-r^o 

[0 0 6 7] Up /3 COW^Sff (±9) ABCDii*aiKffi 
[0 0 6 8] l¥/3(7)^^g:ff (T 9 ) ABCDI^I 

[0 0 6 9] ff^77 7^ArAh-yS^i; 
[0 0 7 0] ^]3(0§:ffCODECIC-atSJ;9d 
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[0 0 7 1 ] W#m 3 <OT «9 S I D (M^ff AiESm 
[0 0 7 2] ftffl*5Iffi^^, »#BRfl*>S I D-fe^S:? 

^ y ^r<bic^ft-5o 

[0 0 7 3] P£#HMi£S I DfgcoSrffiffilhSo 

• P?#J$ ]3/{i^ABCU-7-f ^ p/Pt^/f^^^T 

[0 0 7 4] aHMbfl^fctt, Sr«#t LPf § 

F«)x^201 4^f)ABCU©v/f p/Dt^/ 

5 (SBI^&y-h?x^2 0 14lC, *^3?*[p]^ 
IB*-*-*) o 

• Pf#Kl|8 ^t?/p 7 r 4 frit l Sfcfi 7 ^fciih 

y b r i dKK££*L-C^£o 

• ^#Ii3(DCODEC^PCM^f;|j:ADPCM(: 

• ^]3(?)X3^^^yt7^o n^fcfio f f T'£> 

So 

• P*#flB 0 <0«ft0>S« (±9) ABCDI^I^ 

• Pf#RB 3 (Tf9) ABCDIJdW 

[0 0 7 5] y-h^-f 2 0 1 4iiT<9 ^ y-fe— S^i 
_b ^ ^ ;y ir — v^jSJztf IcoV A A L 2 SAR (ir^ 

-fer— 5*0>»e\ ABCU^^p/pt^tli^^t 
-^-h?x-Y20 14{cMU y~h*^2 
0 14fi^7t-v ; ^AAL2 PDU (^nh^/U^ 
— ^^fi) (C^^- — -7y ATMir/U^ h y — Art 

[CtfA-TSo ABCU^v^ ^ n^n-tr y iHiBSIHSril 

m\^x&j£<Dmm%mx*mm-t'<%* y^—v icas 

keep alive^ y-fe — ^ftif) ?riM5o 

T^ABCDWi^I$tl5<h#, ABCU-7^n 
^n-fe^imy— h r>^^ 2 0 1 4lCCASttt/U^ 
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El^fSSixSo y-h^x^20l4iif 2i>J:t>^ 3 

yfe-^*:a«i*riiL % 5 ^ y »mm-caiflii-s. 

h^x^f201 4 lift* 1 0 2 4<7)®{&£tlfc^ 
^^iCSlttl: 50?<OC AS keep a 1 i v 
e * 

• i£{f-T£AAL 277-A^ y± — i? 

• i^fft"5AAL 2^7" — — (CO- I 
WF<->CP-IWFM|^t^ (EOC) £ 

±<9 ^ yir— v^ii^ y-h^x-f2014liHEC 
^LTATM^7^3I4^S?:L, HEC^L 
TAAL2^7^SSfx^SlrL, CRC^LTA 
AL2^^/3PDU^Stt^2^L> CASiI*P<£> 
M>x^^lt^)VVCMx.TA 
BCUOv>f^pypt5/tlcMt5o ABCUW-v 

• SflAAL2CAS^yt-^ 
h^x^2014|il 0 2 4 ±«9 ^^KDi^T 

AS^ ^-fe — v^^tftJi^kSr^LTV^S^^^^AB C 
U-7^f^p/Pt7ti^^t5 0 y-h^x^20 1 

TlS^ yir — v^cOAB CD tfy f^s— ft LfclMi^ * 
TtCAS keep a 1 i v e ^ y -fe — 5 g>r £ I- 

[0 0 7 6] h^x-f 20 14^t'7 h^il^a^ 3 ^ 

0 14 tt*?LV*iI*Plf5' hSr^-T * n:7 F nizy1Hca*« 

[0077] cp-iwf MS^rtflmttffMtB. 
itfiAD) l*iI&l£f§<£^fc£:CO- 1 WFl:i<ft 

x^20 1 4lidC0«tg*||fi L rS^ildS*t^ t(DR 
40 t><0 i^f- h r >x^201 4ISgmLfc-r-<T<Oii&*K 
Mft^ABCUO-7^ n^uir ^f-tci^ff-r^o 

<bi-sor% ii*a^figii3ocD7Lfi:C ASii^a-fe/u^^ 
ft Stta 1 5 ^ V f>oHCI«fcL4^o y-h**-f 

2014 liaT^r/u^yxAic^oti^tSc 

[0 0 7 8] 3 0GQC ASii&PDU (redunda 
[0 0 7 9] ■ i2^f:{i^3(OPDU77^ 

50 ^ig-c^kLTtaooii^i^flg^y i?^ h-f5 0 



33 

[0 0 8 0] • 7*3 y — v^CRCOjSSd* 

[0 0 8 1] • fe^^ltAB CDii&llfy M*5Lffi<7) 
tt*t»ft5»*, IjfrL^ABCDtfy HSrABCU-7 

[0082] ^1 COCAS PDUi5IHt*tftLfcI 

[0 0 8 3] • fcSi/Miii*n4ftffij&52E<kUTi/^/irt^ 
[0 0 8 4] • ffeT 

30COC ASii^OPDU ( r e d u n d a n c y 7 4 — 
^Kl^^ntl/^) (Ob ^lf?2cOPDU£§:{f-r£o 
[0 0 8 5] • ^^/S^^t-v/^CRCOlS^ 

[0 0 8 6] • fc5VMiABCDiI*nfcTs/ h^Sffi^ 
L il *Q £ ^ -T 7 7 ^ £r 3a r 5 . 

[0 0 8 7] Srt^ABCDf'7 F^ABCU^^d 
^n-tr^iH^ff U SrtV^ABCD t'^ V&sf — h t> 

[0 0 8 8] • fcsvMiii*Pttffids^k;UTv^/jci/^ 

[0 0 8 9] • 

3ocOC ASil^lPDU ( r e d u n d a n c y 7 >r — 
/UK(^^T^5) cop ^^3cOPDU^r§:ff-r5o 
[0 0 9 0] • ^-T^3 jy-fe — ^CRCCOg*^ 

[0 0 9 1] • fc^VMiAB CDlftllfy M>SLi£cO 
tt*fc»*5»*v ^3 COCAS PDUdSJRH-ClEft 

[0 0 9 2] fL^ABCDtTy FHBCUW^o 
^n-fejx-^KiSft U fftV^ABCDtf^hlry-M^ 

[00 9 3] • It^CAS PDU^RSSnt^ 

&fz#>\cm%ivtmz:^-f7 ? yt-mt ^7- 

^signaling changing too o 
f t e nj x^-^^y^Sr^i^yhTy^tS. 
[0 0 9 4] • 

SfS A A L 2^^—^^^ y-fer — v 5 

h !>i>fliATMa«©xy Ktf-f > hr£>6fc 
y-h?x>f|j:OAM GSffl*5<fc tfK 4 *) 

D-fey-^jcaiw-rso y— h**>rw:*fc (atm u 

topi a^y^7x-^?i^ABCU(0^«777' 
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[0 0 9 5] 1 1 0 l±ATM7 ^ y h t TDM7t 

v v<of^<omk\^m\.x^— h<?=^< 201 4 com 

x^fliDSP v^/WS^n-ir ryUO 7H2 1 

1 2 rtdnflicOD S P 37Sr^A/r*V^DS Pgf2 1 

1 0^Ayt*^5o ATM^f)TDM7f vj'h^ 
tk-tZm-S. fff AAL2t;HiUU I 7-f-^KCS 

70 ^l^ATM^ ^7x-^il2 1 1 1 CJ;oT/^ 
r^y/^So ^/fr-fc/UfiD SP7K2 1 1 2F*)cO 

ds p^Tcoil^ft i oic/u— x-r y^^ti^o dsp 

2 0 17 ^ITTDM^f y^7x-^ 2018^f)S 
B 1 1 3{^i^{fi-6 0 ATM^y^ 

X trail 2 111 teilfcuRJS. -X^— 77- 
A (AAL2^^/3^I^) joil/OAMt^DS 
P^fi2 1 1 O^^y— h^x^|lpgi2 0 2 2{C/U 
<?0 -f-fym o h*ai>f *JWl3£ffi2 0 2 2f2^ 

*/uri:liABCDi*Pts' hSrffif? fcH U SBI^ 
^^U^f-2 1 1 3©W ^P7 p nt3/t^>'^7x- 
^iC^f-r^ 0 SB 2 1 1 3{ii^(7) 

Ei»gM*3£fi 2 4 (IH 2) tdfpjttr S B I ±rDS OS: 

#«flsu y-h»x^$ipgf 2 0 2 2^^aM 

£PA1-£ 0 ^h^>{a«t2 0 2 2{j:J/;DS 
Pgf2 1 1 0f*)CDATM VC/C ID WlD) rt> 
t>DSP^vyt p y^S:7 f p^7^^^U SkKS 
B I -e/U^^L/^^ 2 1 1 3^(DDSP^f)SB I ^<£> 
30 ^y^/^P/^ ^>-^t-^»o 

[0 0 9 6] TDM^bATM7t-^7 F^ftt 
{1, TS I>r-7>3 4^bWTDMf-^^SB I v 

;^y^^t2 i i 3icH«^tt, SBi7/^yi/^ 
f 2 1 1 3 tiiifti^figSr^fr) tti Lrfi^<OA^lD S 0 Sr 
D S PM2 110 P^cOil^/^D S P =*7\Zftfc£lt 
So fM*f-^liDS Pit2 1 1 0 COT DM^f > 
*:7aL — * 2 0 1 8 IdiSfB £ft£ 0 DSPSI2 1 1 0 
^(OTDM^ >^ 7x-^12 017liDSP7W 
2 11 2f*ICOD S P aTOiSSft 1 Old^/^Jg^- * 
40 *ffi«U S P pTIiTDMr-^^aticie 
m<D&b\z$mrrz> 0 DSP37©tH*iiATM^y^ 

7x-VM2 1 1 KwffifttStt, ATM^y^7x" 
^!^12 1 1 1 tex — ^SrAAL 2t;K:HWt5, 
ATM^>^7x-^S12 1 1 1 (i-fe/U—s/yt^|EA 
«fc^CDS P^f)VC/C I t 0 >^Sr{^ 
^tSo SBIvyUf/U^f2113|j:TSI^-7 r 
/u^p>oii*pW«S:y— h Vx.^W&%im2 0 2 
— TW^U h *~>ff|iiJffll3£B2 0 2 2tt*ii»J 

^e^fjtO^OABCDii^Pbfs/ hfeDS PgI2 1 
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*x^SiJ»3$B2 0 2 2fiDS P^Wi2 1 1 Ofa<ODS 

^o »f-^Kt5AAL 2 ATMir/Wiffi 
- ^ 6 A T M t ;U ^ ^Ifb ^ tt , h 

[0097] mi 2tt±o#««»iajift(Deis^BB-rs 
h 201 4^s>5ffio«fies:*i-ig-cS)So 

ADLU24 (12) A^Wv o i c e-o v e r-A 
AL 2ir/^ATMMi7r/y ^25 
*U ATM$»i77^y 2 5l«n6^t;i/4y 
-h^x-f 20 1 4 (7)ATM^ :7zn — ^{vl/U— 7^ 
^^i"5 0 y-h>>x^20 14lif^f«f-^^A 
AL Mb*3±WS»*fi:T (SAR) £HfT 

"T^o ffl^f-^li h7^3-^2 3 1 Ortt'ADP 
CM^b P CMC (tfcPCM7t- -^3/ hC/cCot^ 
ftV>tqfi©SBIfipt>ffJll2 3 

1 4 ©as ft i o(c»ftt$tb^ 0 ftv^y— h**-* 2 

0 1 4 Jim 3 — =*-^>"fe7 2 3 1 6 rtt'fi^^^-ffi 
ifeSr^TU ^(7)tt}*^y-h^x^20 14(7)TDM 
>^ 2 0 1 8l£ti{fc-r£ 0 

[0098] 0i 3iiy- h^x^2oi 4rtr-*fs* 

T'fc^o SBU^^PCM7-^ltTDM^fy^7x 

— * 2 0 18 ^Lty- h^x^2014 KffitfcSft 
5o xn-dr t yt7 2 3 1 6f^IT«xn-^^^ 

h7^^-^23 1 4l*ffi§c8«£ UPCMf-^ 
^ADPCMf-^Cat^o ft^t*r^)f-^liq 
fli(7)S B I '&*>ftP\2 3 1 2 (ABCU2 2f:J;ott 

W1^4TM2 3 1 2(Cli^tl5o A A L 2 SA 
RglllATM-f y^7x-^2016 Sr^ LT ATM 
£&«S2 5IIATMf^/US:Sit5 0 ATMSM 

2 5livo i ce-ove r-AAL 2 ir/U^rig^ ft A 
DLU2 4 (g]2) C/U-7^^t^c 

[0 0 9 9] 13, 4 *5 ctt^ 1 1 teT ^t^fl^f 
A (AM S ) 9 8^tit*)5 0 AMS9 8I1POT 
S(7)MDLC/D S L AM/y — h^x-f 1 i 4©y 

— h tTDMt ATM^-7^ ^^HMfi. 7^—^ 

*S <fc tf^ «:»3a-r a 

^^TAT*fc5o AMS 9 8 fi, £ <9 Li t e s 

pan V^7A(^|^7 h 17 — ^ £ fit 5 CO \Z 

&9tftiim\z«a&m\ m«L i t e s P a 

^Wtl^^l : ^^co^^^fttff^^^A,-ev>5 0 A 
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1. Title of Invention 
INTEGRATED GATEWAY NETWO RK ARCHITECTURE FOR 

LOOP EMULATION SERVICES OVER ATM OVER DSL SERVICE 

2. Claims 

1 . A network node comprising: 

a plurality of communications interfaces in said node including a packet-type interface 
and a TDM-typc interface and a first additional interface which is a member of the group 
consisting of a packet-type interface and a TDM-type interface; 

a first routing function in said node which routes traffic among interfaces in said plurality 
of communications interfaces which are of the type of said first additional interface; and 

a gateway function in said node which transmits user traffic between aninterworking one 
of said packet-type interfaces and an interworking on« of said TDM-type interfaces, and further 
performs loop functions through said interworking TDM-type interface on behalf of a device 
coupled to said gateway function through said interworking packet-type interface. 

2. A network node according to claim 1, wherein said packet-type interfaces 
| comprise ATM-type interfaces. 

3. A network node according to claim I, wherein said packet-type interfaces 
comprise IP-type Interfaces. 

4. A network node according to claim 1, wherein, said first routing function 
comprises a multiplexing-demultiplexing function bui not a switching function. 
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5. A network node according to claim 1, wherein said plurality of communications 
interfaces includes a set of NIX) network side interfaces of the type of said first additional 
interface and a set of N2>Nl subscriber side interfaces also of the type of said first additional 
interface, 

and wherein said first routing function multiplisces user traffic between said network side 
interfaces and said subscriber side interfaces. 

6. Anetwork node according to claim 5 , wherein said network node do es not switch 
user traffic among said subscriber side interfaces. 

7. A network node according to claim 5, wherein said first additional interface 
comprises a TDM-type interface. 

8. A network node according to claim 1 , wherein said first additional interface is a 
packet-type interface, and wherein said plurality of communications interfaces further includes 
a second additional interface which fa a TDM-type interface, 

further comprising a second routing function in said node which routes user traffic among 
interfaces in said plurality of communications interfaces which are of the type of said second 
additional interface. 

9. A network node according to claim I , wherein said gateway function comprises: 
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encapsulation means for encapsulating TDM-type user traffic arriving from said 
intenvorking TDM-type interface into packets for transmission toward said intenvorkbg packet- 
type interface; and 

extraction means for extracting TDM-type user data from packets arriving from said 
intenvorking packet-type interface for transmission toward said intenvorking TDM-type 
interface. 

10. A network node according to claim 1, for use with a remote packet-type 
termination unit reachable through said intenvorking packet-type interface, said packet-type 
termination unit having a POTS port, 

wherein said gateway function comprises upstream signaling means for providing TDM 
signaling toward said intenvorking TDM-type interface on behalf of said POTS port 

11. A network node according to claim 1 , wherein said gateway function comprises 
downstream signaling means for encoding TDM signaling into packets for transmission toward 
said intenvorking packet- type interface, in response to TDM signaling received from said TDM- 
type interface. 

1 2. A network node according to claim 1, wherein said loop functions performed by 
said gateway through said intenvorking TDM-type interface on behalf of a device coupled to 
said gateway function through said intenvorking packet-type interface includes signaling anofF- 
hook condition through said intenvorking TDM-type interface in response to receipt of a packet 
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through said interworking packet-type interface containing a control code indicating an off-hook 
condition from the device. 



13. A network node according to claim 1, wherein said loop functions performed by 
said gateway through said interworking TDM-type interface on behalf of a device coupled to 
said gateway function through said interworking packet-type interface includes signaling dialed 
digits through said interworking TDM-type interface in response to receipt of a packet through 
said interworking packet-type interface containing a control code indicating such digits dialed 
from the device. 

14. A network node according to claim I, wherein said interworking packet-type 
interface comprises an ATM-ovcr-DSL-typc interface. 

15. A network node comprising: 

a first plurality of packet-type communications interfaces including an interworking 
packet-type interface; 

an interworking TDM-type interface; 

a packet routing function in said node which routes packets among the interfaces in said 
first plurality of packet-type communications interlaces; and 

a gateway function in said node which transmits user traffic between said interworking 
packet-type interface and said interworking TDM-type interface, and further performs loop 
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functions through said interworking TDM-type interface on behalf of a device coupled to said 
gateway function through said intenvorking packct-iype interface. 



16. A network node according to claim 15, wherein said packet-type interfaces 
comprise ATM-type interfaces. 

17. A network node according to claim 1 5, comprising a second plurality of TDM- 
type communications interfaces including said interworking TDM-type interface, 

further comprising a second routing function in said node which routes TDM traffic 
among the interfaces in said second plurality of TDM-type communications interfaces. 

18. A network node according to claim 17, wherein said second routing function 
comprises a multiplexing-demultiplexing function but not a switching function. 

19. A network node according to claim 18, wherein said first routing function 
comprises a multiplexing-demultiplexing function but not a switching function. 

20. A network node according to claim 15, wherein said gateway function comprises: 
encapsulation means for encapsulating TDM-type user traffic arriving from said 

interworking TDM-type interface into packets for transmission toward said interworking packet- 
type interface; and 
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extraction means for extracting TDM-type user traffic from packets arriving from said 
interworking packet-type interface for transmission toward said interworking TDM-type 
interface. 

21 . A network node according to claim 20, wherein said gateway function comprises 
downstream signaling means for encoding TDM signaling into packets for transmission toward 
said intenvorking packet-type interface, in response to TDM signaling received from said TDM- 
lype interface. 

22. A network node according to claim 2 1 , for use with a remote packet termination 
unit reachable through said interworking packet-type interface, said packet termination unit 
having a POTS port, 

wherein said gateway function comprises upstream signaling means for providing TDM 
signaling toward said interworking TDM-type interface on behalf of said POTS port. 

23. A network node according to claim 15, wherein said loop functions performed 
by said gateway through said intenvorking TDM-type interface on behalf of a device coupled 
to said gateway function through said interworking packet-type interface includes signaling an 
off-hook condition through said interworking TDM-type interface in response to receipt of a 
packet through said interworking packet-type interface containing a control code indicating an 
off-rhook condition from the device. 
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24. A network node according to claim 15, wherein said intcrworking packet-type 
interface comprises an ATM- over-DSL -type interface. 



25. A network node comprising: 

a first plurality of TDM-type communications interfaces including an intcrworking TDM- 
type interface; 

an interworking packet-type interface; 

a TDM routing function in said node which routes traffic among the interfaces in said 
first plurality of TDM-type communications interfaces; and 

a gateway function in said node which transmits user traffic between said interworking 
packet-type interface and said intcrworking TDM-type interface, and further performs loop 
functions through said interworking TDM-type interface on behalf of a device coupled to said 
gateway function through said interworking packet-type interface. 

26. A network node according to claim 25, for use with a remote packet termination 
unit reachable through said interworking packet-type interface, said packet termination unit 
having a POTS port, and wherein said gateway function comprises: 

downstream signaling means for encoding TDM signaling into packets for transmission 
toward said interworking packet-type interface, in response to TDM signaling received from said 
TDM-type interface; and 

upstream signaling means for providing TDM signaling toward said interworking TDM- 
type interface on behalf of said POTS port. 
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27. A network node according to claim 25, wherein said loop functions performed 
by said gateway through said interworking TDM-type interface on behalf of a device coupled 
to said gateway function through said interworking packet-type interface includes signaling 
dialed digits through said interworking TDM-type interface in response to receipt of a packet 
through said interworking packet -type interface containing a control code indicating such digits 
dialed from the device, 

28. A network node according to claim 25, wherein said interworking packet-type 
interface comprises an ATM- o ver-DSL-typ e interface. 

29. An access network system comprising.: 

a plurality of ATM communications interfaces including subscriber side ATM-over-DSL 
interfaces and a network side ATM interface; 
a network side TDM interface; 

an ATM routing function which routes traffic among the interfaces in said plurality of 
ATM communications interfaces; and 

a gateway function which transmits user traffic between said subscriber side ATM-over- 
DSL interfaces and said network-side TDM interface. 
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30. A system according to claim 29, comprising a plurality of TDM communications 
interfaces including said network side TDM interface and further including subscriber side TDM 
interfaces, 

further comprising a TDM routing function which routes TDM traffic among the 
interfaces in said plurality of TDM communications Interfaces. 

3 1 . A system according to claim 30, wherein said TDM routing function multiplexes 
and demultiplexes traffic between said network side TDM interface on one hand and said 
subscriber side TDM interfaces on the other hand. 

32. A system according to claim 3 1, wherein said ATM routing function multiplexes 
and demultiplexes traffic between said network side ATM interface on one hand and said 
subscriber side ATM-over-DSL interfaces on the other hand. 

33. A system according to claim 29, wherein said ATM routing function multiplexes 
and demultiplexes traffic between said network side ATM interface on one hand and said 
subscriber side ATM-over-DSL interfaces on the other hand. 

34. A system according to claim 29, wherein said gateway function further performs 
loop functions through said network side TDM interface on behalf of a device coupled to said 
system through one of said subscriber side ATM-over-DSL interfaces. 



(40) mm 2001-237900 

35. A system according to claim 29, wherein said gateway function comprises: 
encapsulation means for encapsulating downstream TDM user traffic arriving from said 

network side TDM interface into ATM cells and for transmitting said ATM cells toward one of 
said ATM-over-DSL subscriber side interfaces via said ATM routing function; and 

extraction means for extracting TDM user triffic from ATM cells arriving from one of 
said subscriber side ATM-over-DSL interfaces via said ATM routing function and for 
transmitting said extracted TDM user traffic toward said network side TDM interface. 

36. A system according to claim 35, comprising a plurality of TDM communications 
interfaces including said network side TDM interface and further including subscriber side TDM 
interfaces, 

further comprising a TDM routing function which routes TDM traffic among the 
interfaces in said plurality of TDM communications interfaces, 

and wherein said extraction means for extracting TDM user traffic and for transmitting 
said extracted TDM user traffic toward said network side TDM interface transmits said extracted 
TDM user trafltc toward said network side TDM interface via said TDM routing function. 

37. An access network system comprising: 

a plurality of TDM communications interfaces including subscriber side TDM interfaces 
and a network side TDM interface; 

a subscriber side ATM-over-DSL interface; 
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a TDM routing function which routes traffic among the interfaces in said plurality of 

TDM communications interfaces; and 

a gateway function which transmits user trafficbetwecn said subscriber side ATM-over- 

DSL interface and said network-side TDM interface. 

38. A system according to claim 3 7, wherein said TDM routing function multiplexes 
and demultiplexes traffic between said network aide TDM interface on one hand and said 
subscriber aide TDM interfaces on the other hand. 

39. A system according to claim 3 7, wherein said gateway function further performs 
loop functions through said network side TDM interface on behalf of a device coupled to said 
system through said subscriber side ATM-over-DSL interface. 

40. A system according to claim 37, wheiein said gateway function comprises: 
encapsulation means for encapsulating downstream TDM user traffic arriving from said 

network side TDM interface into ATM cells and for transmitting said ATM cells toward said 
ATM-over-DSL subscriber side interface; and 

extraction means for extracting TDM user tj^ffic from ATM cells arriving from said 
subscriber side ATM-over-DSL interface and for transmitting said extracted TDM user traffic 
toward said network side TDM interface. 

41. A system according to claim 40, whorein said extraction means for extracting 
TDM user traffic and for transmitting said extracted TDM user traffic toward said network side 
TDM interface transmits said extracted TDM user traffic toward said network side TDM 
interface via said TDM routing function. 
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3. Detailed Description of Invention 



BACKGROUND 

1. Field QfiteJpysnrim 

The invention is related to the field of telecommunications, and more particularly to a 
technique for providing loop emulation services or voice over packet or cell transports euch as 
ATM-over-DSL service. 

2. References 

The following documents are all incorporated herein by reference in their entirety: 

Nattkemper et. at., "Distributed Telecommunications Switching System and Method," U.S. 
Patent No. 5,953,318 

Stevenson, "Method and Apparatus for Placing Time Division Multiplexed Telephony Traffic 
into an Asynchronous Transfer Mode Format/ U.S. Patent No. 5,889,773 

ATM Forum, "ATM User-Network Interface Specification Version 3.1," (September, 1994) 
("UNI 3.1") 

ATM Forum, "ATM User-Network Interface (UNI) Signaling Specification Version 4.0," (July 
1996) ("UNI 4.0") 
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ATM Forum, "Utopia Level 2, Version 1.0. fcf-phy-0039.000'' (June 1995) ("Utopia 
Specification") 

International Telecommunication Union (ITU), "BrwdbandlntegratedServicesDi^talNctwork 
(B-ISDN) - Digital Subscribers Signaling System No. 2 (DSS 2) - User-Network Interface 
(UNI) Layer 3 Specification for Basic Call/Connection Control," ITU-T recommendation 
Q 2931 (February 1995) ( ,, Q 2931 M ) 

ITU, M ISDN User-network Interface Layer 3 Specification for Basic Call Control M 
Recommendation Q.93 L (05/98) ("Q.93 1 ") 

ITU, "B-ISDN ATM Adaptation Layer specification: Type 2 AAL," ITU-T Recommendation 
1363.2 (1997) (1.363.2) 

ITU, "Segmentation and Reassembly Service Specific Convergence Sublayer for the AAL type 
2," ITU-T Recommendation 1.366.1 (1998) (1.366.1) 

ITU, "AAL Type 2 Service Specific Convergence Sublayer for Trunking", ITU-T 
Recommendation 1.366.2, 02/99 

ITU, "Packet-based multimedia communications systems," ITU-T Recommendation H 323 
(02/98) 

ITU, "Packet-based multimedia communications systems Annex D: Real-time facsimile over 
R323 systems," Annex D to ITU-T Recommendation H.323 (09/98) 

ATM Forum, "ATM Trunking Using AAL2 for Narrowband Services," AF-VTOA-01 13 000 
(2/99) (the "VTOA" specification) 

ADSL Forum. •Recommended Interoperability Implementation Agreement for BLES", 
CopperCom and Alcatel, 99-204, August, 1999. 

ATM Forum, "Loop emulation service and new profile definition for voice over AAL2", Alcatel 
USA, 99-0392. July, 1999 (the "99-0392 profile") 

ATM Forum, "LAN Emulation Over ATM Version 1.0," (January 1995); ATM Forum, "LAN 
Emulation Client Management Specification Version 1.0" (September 1995); ATM Forum, 
"LAN Emulation Over ATM Version 1.0 Addendum" (December, 1995); and ATM Forum, 
"LAN Emulation Servers Management Specification 1.0" (March 1996) (LANE-4) (All 
collectively referred to herein as LANE specification) 

Telecordia, GR-303-CORE Issue 2, "IDLC Generic Requirements, Objectives, and Interface", 
December 1998 and the associated Issues List Report : GR-303-ILR Issue 2A, December 1998; 
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Telecordia, GR-303-IMD, EDLC System Generic Operations Interface (formerly 
TR-TSY-000303 Supplement 3), Issue l f December 1998; Telecordia, GR-2833-CORE Issue 
3, Revision 2, "Generic Operations Interfaces Using OSI Tools: Information Model for IDLC 
and F1TL Systems", and the associated Issues List Report: GR-2833-ELR Issue 3C„ December 
199S; and Telecordia, GR-290S-CORE, Issue 2, October 1997, Revision 1, "Generic 
Requirements for EML Applications for Management of IDLC Systems*, and the associated 
Issues List Report; GR-2905-ILR Issue 2B, December 1998 (All referred to herein collectively 
as GR-303 Specification) 

Telecordia, "Digital Interface Between the SLC-96(r) Digital Loop Carrier System and a Local 
Digital Switch," Document No. TR-TSY-000008 Is.vue 2, Aug 1987 (TR-08 Specification) 

3. Description of Related Art 

In the public switched telephone network (PSTN), narrowband (NB) traffic is carried 
over time domain multiplexed (TDM) links. The PSTN utilizes cross-connect switching systems 
at telephone company facilities, and digital loop earners (DLCs) to provide analog or TDM 
subscriber drops to individual customers. Narrowband services are defined herein to include all 
TDM services up to a T 1 data rate, as well as analog telephony. They include plain old telephone 
service (POTS), integrated services digital network (ISDN), and Tl services, among others. 

The Asynchronous Transfer Mode (ATM) network is a network of digital switches which 
carry and route traffic which has been packaged into individual "ATM cells". ATM is defined 
in a number of specifications published by the ATM Forum, including UNI 3. 1 and UNI 4.0. The 
term "ATM," as used herein, refers to a network protocol that conforms to these documents in 
all relevant respects, whether or not it also conforms to more recent or other specifications as 
well. In an ATM network, each cell contains addressing information which enables the ATM 
switches to route incoming cells to the next node toward their proper destination. Digital 
Subscriber Line Access Multiplexers (DSLAMs) are used to provide individual subscriber 



(45) Vfffl 2001-237900 

connections to the ATM network. ATM services arc usually used to provide broadband (BB) 
services to individual customers. In the access loop, ATM is typically carried over an ADSL 
physical layer on a twisted copper pair. 

Recently, there has been interest in providing, narrowband loop emulation services/ or 
voice, over an ATM interface. Such services can provide narrowband lines, sometimes called 
"derived lines," at the customer premises without requiring additional twisted pairs. "Derived 
line" service typically utilizes an a]ready existing ATM over ADSL access loop infrastructure to 
provide additional narrowband services to the customer. 

Fig. 1 is a block diagram of pertinent parts oft prior art network architecture which uses 
a standalone gateway to provide loop emulation services at a customer premises. At the 
customer premises, a data network 1 10 is connected to a data port of an ADSL termination unit 
(ATU-R) 1 12, also called an Integrated Access Device (IAD). The data network carries data 
encapsulated in packets, for example IP packets, typically over an Ethernet. In the upstream 
direction, the ATU-R 112 extracts the IP packets from Ethernet frames, re-encapsulates them 
into ATM cells and transports them over the ADSL link 1 18 to a digital subscriber line access 
multiplexer (DSL AM) 114 in a service provider's Central Office (CO) 133. The reverse process 
occurs in the downstream direction. As used herein, IP packets and ATM cells are both examples 
of "packets - . Optionally, a splitter 1 16 can be inserted within the ATM-over-ADSL link 1 1 8 at 
the customer premises, and a corresponding splitter 119 at the central office 133, to allow 
conventional analog POTS signals to be carried over the same twisted pair 1 18 to the location 
of DSL AM 114 where they are split off and providisd to a line unit of a Class 5 switch 129. 
DSLAM 114 carries the IP-over-ATM traffic onto the ATM network 120, where it can be 
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routed to other DSLAMs 122 and/or internet service providers (ISPs) 124. Obviously, the 
overall architecture can also include conventional POTS service at the same customer premises, 
connecting to the Class 5 switch 129 via separate analog and TDM links and equipment not 
shown. The use of the ATM network 1 20 to carry IP-over- ATM data between or among two 
or more data networks is typically accomplished according to the local area network emulation 
(LANE) specifications incorporated above. In addition, whereas the implementation shown in 
Fig. 1 uses an ADSL {Asymmetric Digital Subscriber Line) link connected between the ATTJ-R 
and the DSLAM 1 14, other types of Digital Subscriber Line (DSL) links can be used instead. 
At the central office, the ADSL link 1 1 8 is terminated typically by an ADSL Terminations Unit - 
Central Office (ATU-C) card in the DSLAM 1 14. 

In order to provide derived line service, the ATTJ-R 1 12 is modified to provide one or 
more narrowband POTS ports 128. The ATU-R 112 digitizes the POTS signals from ports 128 
and encapsulates them into ATM cells, which it then merges with the IP-over-ATM cells created 
from the data network 1 10. Thus the stream of ATM cells carried over the ATM-over- ADSL 
lmk 1 1 8 includes both conventional data-carrying AT M cells as well as ATM cells carrying TDM 
voice traffic. ATM cells carrying TDM traffic, however, are carried within a virtual circuit (VC) 
that terminates at a standalone gateway 130. DSLAM 114 routes all of the ATM cells arriving 
from ATM-over- AD SL link 1 1 4 into the ATM network 1 20, which eventually routes those cells 
carrying TDM traffic to the gateway 130. The gateway 130 extracts the TDM information from 
its incoming ATM cells and converts them back to TDM format for transmission, for example 
over a GR-303 link 132, to a second Class 5 switch 126. In the reverse direction, TDM traffic 
from the switch 126 arrives at the gateway 130, where it is encapsulated into ATM cells auid 
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transmitted to the ATM network 120. The ATM network 120 routes the celts to the proper 
DSLAM 1 14, which routes them further onto the ATM-over- ADSL link 1 1 8 to an ATU-R 1 ) 2. 
The ATU-R 1 12 extracts the TDM data from these ATM cells and forwards it to derived line 
port 128. 

Since there is no direct analog connection between a derived line POTS port at the 
customer premises and the TDM switch 126 on the far side of the gateway 1 30, ordinary POTS 
signaling behaviors, such as on- and off-hook, will not have their desired effect. Therefore, in 
order to complete the loop emulation service provided by gateway 130, the ATU-R 112 detects 
such behaviors, encodes them into special signaling ATM cells and transmits them to the 
gateway. The gateway then decodes the signaling ATM cells and signals the Class 5 switch on 
behalf of the derived POTS line. Any downstream signaling is transported in a corresponding 
manner. 

Typical specifications for encapsulation and extraction of both the TDM voiceband 
signals as well as POTS signaling information arc described in the above-incorporated VTOA 
specification and ITU-T Recommendationsl363.2 andl.366.2. ATM cells conforming to these 
specifications in all relevant respects, whether or not they also conform to other specifications 
as well, are referred to herein as AAL Type 2 ATM cells or merely AAL-2 or AAL2 cells. As 
used herein, "user traffic" refers to traffic carrying content (voice, data, etc.) to or from users, 
whereas "signaling or management traffic** refers to traffic carrying signaling content and other 
content for operating the communications network. 

The gateway 130 is a standalone unit, residing behind the ATM network in a separate 
central office, and supporting multiple DSLAMs. In other configurations the gateway 130 can 
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residebehind only one DSL AM and be located in the local service provider's central office 133, 
in which case ihe gateway 130 can connect to the local Class 5 switch 129 instead of requiring 
a separate Class 5 switch 126. In either configuration the gateway 130 is a separate unit, separate 

from the various ATM and PSTN switches and access multiplexers. As a standalone unit the 

j 

gateway 130 needs to be managed as a separate network element, for a wide variety of purposes 
including fault detection, protection switching and repair, configuration j and provisioning, 
performance monitoring, security, connectivity and accounting- This can create difficulties since 

i 

standalone gateways are typically not manufactured by the same companies that manufacture 
other network equipment that the service provider may need to manage, and the controllers that 
manage such gateways therefore may not integrate well with those that manage all the other 
equipment in the central office. As shown inFig. 1, therefore, the gateway 1130 is managed by 
one element management system (EMS) 13 1, whereas the DSL AM 1 14 is managed by another, 
different, EMS 123. A standalone gateway also needs to be managed as a separate 
communications node in both the ATM and TDM networks, for establishing required 
interconnections for network traffic. This too can present problems because provisioning of 
telephony will require coordination between the gateway Class 5 switch assignments and 
separate derived POTS lines assignment. In addition, maintenance procedures will also need 
circuit traccability between multiple network dements. Test and tum-up processes to test 
derived POTS lines will furthermore require coordination with multiple network elements, since 
the standalone gateway typically has no telephony test access points. Still further, there are no 
currently existing element managers which support derived line network elements from multiple 
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vendors. Thus the need to mix and match PLCs and standalone gateways will require special 
testing for compatibility of the management function for each element. 

A standalone gateway also represents an additional point of potential failure for network 
reliability purposes. Moreover, as a standalone unit the gateway 130 occupies valuable central 
office floor space and has its own added power and cooling requirements. It requires its own 
separate battery backup system as well, which can be a significant added cost. Still further, 
because the gateway 130 is a standalone unit, it can be uneconomical to install one for only a 
small number of derived POTS lines. 

Accordingly, while existing TDM-ATM gateways are valuable in providing derived line 
service and thereby greatly increasing the value to subscribers oFDSL service, they do so only 
at great cost which may not be justified by the added revenue that a service provider might 
receive by providing derived line service. It would be extremely desirable to find a way to 
provide derived line service on DSL lines at a much reduced cost, without needing to install a 
standalone gateway unit. 

SUMMARY OF THE INVENTION 
According to the invention, roughly described, a TDM-ATM gateway that performs loop 
functions on behalf of one or more narrowband derived lines is incorporated into the same 
equipment that performs routing of network traffic. The routing can involve switching or 
multiplexing or both, and it can consist of ATM cell routing or TDM traffic routing or both. In 
the preferred embodiment, the gateway is incorporated into equipment that routes both TDM 
traffic and ATM traffic, such as an Alcatel USA Litespan terminal. In this case the TDM port 
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of the gateway is multiplexed with other TDM subscriber traffic onto a network side TDM 
interface and the ATM port of the gateway acts as the ATM termination point for one or more 
virtual circuits from one or more subscriber remote ATM termination units. 

By integrating a TDM- ATM gateway with other network equipment that also performs 
ATM and/or TDM traffic routing, it is no longer necessary to manage the gateway as a separate 
network element. Instead, it can be managed as merely a component or sub-component of the 
routing equipment. Nor, in some embodiments, does an integrated gateway represent an 
additional point of potential failure, since in such embodiments the gateway is integrated onto 
a controller card that is already part of a protection group, and that is already the smallest 
replaceable component in the event of failure. Nor does an integrated gateway occupy any 
additional central office floor space, nor does it add significantly to the power and cooling 
requirements of the existing equipment. Moreover, because most of the fixed costs incurred to 
support an integrated gateway are already incurred due to the host network equipment, a service 
provider can economically choose to roll out derived line service gradually, with only a small 
number of lines supported initially, and/or can transition from PSTN-transported TDM service 
to ATM-transported TDM service also as gradually as desired. 

The invention will be described with respect to specific embodiments thereof, and 
reference will be made to the drawings. 

Fig, 1 1 is a block diagram of gateway network architecture that can be used to implement 
loop emulation services. All of the customer premises equipment can be the same as that shown 
in Fig. 1. However, instead of providing the gateway function in a centralized unit behind the 
ATM network, the gateway function is provided locally, at the DSLAM, before cells are 
provided to the ATM network 120. A TDM access multiplexer such as a digital loop carrier 
(DLC) is integrated together in the same unit as the DSLAM, and the gateway function operates 
between these two functions. Basically, therefore, the gateway function is integrated in a 
combined DLC/DSLAM node. 
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In particular in Fig. 1 1. the DLC and DSLAM exist together in a single Litespan ADSL 
system described, for example, in the above-incorporated Nattkemper, et al. patent. As shown 
in Fig. 1 1, the ATM-over- ADSL link 1 18 is connected to the combined DLC/DSLAM 1 110, 
which has been modified to include its own gateway Junction 1 1 12. The gateway function 1112 
is integrated into the DLC/DSLAM access node 1 1 1 4. In the access node 1114, subscriber ATM 
cells carrying TDM data are routed to the gateway 1112, which extracts the TDM data and 
transmits it, for example via a GR-303 or TR-08 link, to the local Class 5 switch 129 located in 
the same CO 1133 that houses the access node 1 1 14, No connection to a second Class 5 switch 
such as 126 (Fig. 1) is required. In the reverse direction, TDM traffic from the Class S switch 
129 destined for derived line 128 arrives at the gateway 1112, which encapsulates it into ATM 
cells and transmits it, via the DLC/DSLAM 1 1 10, onr.o the proper ATM-over- ADSL subscriber 
link 1 1 8. The DLC/DSLAM continues to route conventional ATM cells back and forth between 
the ATM network 120 and the ATM subscriberDSL link 1 18. The gateway 1 1 1 2 and the ATU- 
R 1 1 2 perform standard AAL-2 encapsulation and signaling, using standard profiles, in order to 
encapsulate loop traffic and signaling in ATM cells. 

As used herein, "switching" refers to the conveyance of traffic from one of a plurality of 
interfaces to a selectable one of another of a plurality of interfaces. The set of input interfaces 
can be the same as, completely distinct from, or partially overlapping with, the set of output 
interfaces. A "switch" typically incorporates or makes reference to a database indicating a 
mapping of input channels to output channels. For ATM switches, the database indicates, among 
other things, which ATM output interface is to be used for forwarding incoming cells having a 
particular ATM destination address. For TDM switches, the database indicates, among other 
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things, which TDM output interface, and which time: slot on that TDM output interface, should 
be used for forwarding incoming data in each time .-dot of an incoming TDM interface. 

Also as used herein, "multiplexing" refers to the merging of data from a number of input 
interfaces of a lower bit rate, onto a smaller number of output interfeces having a riigher bit rate. 
"Demultiplexing" refers to the opposite process. Typically telephony traffic multiplexers 
multiplex data from N incoming interfaces onto one outgoing interface having N-times the data 
rate of the input interface. Telephony multiplexers may or may not also perform switching, and 
telephony switches may or may not also perform multiplexing. 

Also as used herein, "routing" is an umbrella term which includes switching, multiplexing, 
or both. 

Fig. 3 is a block diagram illustrating one implementation of integrated gateway loop 
emulation services, which takes ad vantage of the integration between TDM and ATM processing 
in the Litespan ADSL system. The Litespan ADSL system includes a Litespan central office 
terminal (COT) 3 10 located in a service provider's central office 3 12, and a plurality of remote 
terminals CRTs) 314 and 316, at remote locations outside the central office 312. Each Litespan 
terminal 310, 314 and 316 which participates in tho loop emulation service includes at least one 
Litespan ADSL channel bank (CBA). A Litespan ADSL channel bank includes 0 or more 
narrowband line units and one or more ADSL line units (ADLUs), all of which communicate 
over a backplane with an ADSL bank control unit (ABCU). The ABCU performs both TDM 
time slot interchange (TS1) functions, as well as ATM access multiplexing for the ADLUs in the 
channel bank containing the ABCU- Each terminal is a separate unit and is managed as a separate 
network node, but both TDM and ATM access multiplexing functions are integrated together 



(53) 2001-237900 
in the node. According to the embodiment illustrated in Fig. 3, a separate gateway function is 
incorporated unto each of the ABCUs in each of the Litespan ADSL channel banks in each of 
the terminals in the Litespan system. Alternatively, another embodiment can provide a gateway 
function on only one ABCU per Litespan terminal in the overall Litespan system. Fig. 4 shows 
yet another embodiment, which includes only a single gateway function for the entire Litespan 
system. In the illustration of Fig. 4, the required gateway function is located on an ABCU in the 
COT,. and the gateway functions on ABCUs within remote terminals are optional. 

The gateway functions illustrated in the embodiments of Figs. 3 and 4 are viewed from 
the core ATM network 1 20 and the ATM switch fabric in Litespan system merely as addressable 
ATM nodes. Thus, in the general case, any of the gateway functions in the Litespan system can 
perform gateway services for subscribers connected to any other ATM port from which that 
gateway function is reachable. For example. Fig. 3 illustrates a separate DSLAM 318, which 
does not itself provide any native TDM routing, connected across the ATM network 120 to the 
Litespan system of Fig. 3. Such an arrangement permits any of the gateway functions 320, 322 
or 324 to provide derived line service to any subscriber connected via an ATM link to the 
DSLAM 318, in the same manner that stand-alone gateway 130 in Fig. 1 provides derived line 
service for ATM-over- ADSL customers connected to any of the DSLAMs 1 14 and 122. The 
DSLAM 318 in Fig. 3 is shown located at the same central office 312 as the Litespan COT 3 1 0, 
but in another embodiment, DSLAM 318 can be located physically elsewhere. 

In Fig. 4. the DSLAM 318 connects directly to an ATM port of the Litespan COT 3 10 
(e.g., continuing the Litespan ADSL daisy-chain), rather than connecting through the ATM 
network 120. 
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Fig. 5 illustrates other aspects of an implementation of the invention in a Lifespan ADSL 
terminal. The terminal includes a common control unit 510, a Utespan ADSL channel bank 
(CBA) 512, and a TSI (Time Slot Interchange) cable S14 interconnecting them. The Litespan 
common control unit 510 includes a TSI card 5 16, a terminal control processor (TCP) 518, and 
a database (DB) 520. The Litespan CBA 512 includes an ADSL Line Unit (ADLU) 522 
connected across the backplane to the ABCU 524. The ADLU 522 provides tho ATM-over- 
ADSL drop 118. The gateway function 526 is integrated onto the ABCU card 524, TDM traffic 
on the network side of the ABCU 524 is connected via the TSI cable 514 and the Litespan 
common control 510 to the TDM network 133, whereas ATM traffic on the network side of the 
ABCU 524 is connected to the ATM network 120. It can be seen that a derived voice VC 528 
is created between a TDM port 128 at the customers premises and the gateway function 526, 
which provides the gateway to the TDM network 133 via the TSI cable 514and common control 
5 10. It can be seen also that another derived voice VC 530 is provided between the customer 
premises equipment (CPE) and the gateway function 526 via the separate DSLAM 318 and, 
optionally, through the ATM network 120. 

Fig. 5 also points out that ADSL is not the only physical layer protocol over which 
derived-line ATM cells can be carried. For example, the Litespan CBA 512 also includes an 
HDSL line unit (HDLU) 532, which provides anHDSL2 port carrying ATM cells backand forth 
to other downstream equipment, such as a further ATM multiplexer and/or customer premises 
equipment 534. 

Fig. 5 also illustrates that a conventional analog POTS port is not the only type of user 
port that can be used in derived line service. In Fig. 5, an IP H.323 telephone 536 is connected 
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to a personal computer (PC) 538, which is connected to the ATU-R 112 via IP data network 
1 10. TheIPH.323 telephone 536 conforms to the ITU-T H323 recommendations incorporated 
above. The ATU-R 1 12 converts EP H.323 data to ATM AAL2 derived POTS line cells, and 
visa versa. In the embodiment of Fig. 5, the gateway function 526 can enable derived line service 
via the IP H.323 telephone 536. In other embodiments, derived lines can be supported via PC 
speakers and microphones connected to the PC 538, or RJ1 1 jacks for normal telephone sets. 
This can be accomplished with an internal network interface card, or via software in the PC. In 
yet another embodiment, certain kinds of EP base telephones can be connected directly to the 
data network 1 10 without a PC 538, in which ca*;e the H.323 telephone digitizes the analog 
signal and transports it over IP-over-Ethernet to the ATU-R 1 1 2, which extracts the voice signal 
and re-encapsulates it into ATM AAL2 cells for Iransrrassion toward the gateway 526. The 
opposite functions are performed in the downstream direction. 

Fig. 6 illustrates the Litespan CBA 5 1 2 ofFig. 5, and illustrates a conventional voice path 
610 and a conventional data path 612 through the CBA 512. Fig. 6 also points out some specific 
functions performed by the Litcspan. In particular, the ATM switching febric 6 16 on the ABCU 
524, in addition to routing TDM-over-ATM cells from the derived voice path 614 to the 
gateway 526, also routes TDM-over- ATM VCs from the ATM networkto the gateway 526 and 
from further chained ABCUs or DSLAMs to the gateway 526. The gateway 526 terminates the 
TDM-over-ATM VCs and extracts the TDM data The gateway 526 then places the TDM data 
into an appropriate 64kbps time slot or slots on the SBI (Subscriber Bus Interface) bus 620. The 
gateway 526 also performs echo cancellation and compression/decompression of cells with 
silence and 64kbps voice. Furthermore, any POTS signaling which had been encoded into AAL-2 
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cells arc converted into out-of-band (OOB) ABCD signaling over the SBI 620 toward the 
Litespan common control 510 via a dedicated TCP messaging channel 624, In this: manner, the 
gateway 526 performs TDM signaling toward the common control on behalf of the customer 
premises equipment connected to the derived POTS port. 

The TSI map function 622 is the same TSI map function as previously existed in the 
ABCU prior to integration of gateway S26. It maps time slots on the TSI cable 5 1 4 both to time 
slots on the conventional SBI bus 610 on the CB A backplane, as well as to time slots on the SBI 
buses 620 connected to the TDM side of gateway S26. In addition, the database 520 in the 
Litespan common control 510 (Fig. 5) is expanded to permit provisioning of virtual POTS ports 
or other virtual TDM services provided by the derived line feature. 

Figs. 7 and 8 compare implementation of the invention on a Litespan-2000 terminal to 
implementation on a Litcspan-201 2 terminal, fig. 7 illustrates an implementation on a Litespan- 
2012 terminal. In a Lxtespan-2012 terminal, the common control unit 710 can include an STS 
interface 712. Thus, the derived voice path 714 is carried over the TSI cable only once for each 
direction of traffic flow. Fig. 8 illustrates an implementation on a Litespan-2000 terminal. In a 
Litespan-2000 terminal, the common control unit 8 10 does not include an interface to the TDM 
network. Rather, the connection to the TDM network takes place via a DSl card 812 in the 
Litespan CBA 814. In this case, the derived voice path 816 makes a round trip across the TSI 
cable 818 for each direction of traffic flow. 

As mentioned, for the loop emulation sixvices described herein, TDM traffic is 
encapsulated into ATM cells using standard AAL-2 encapsulation. The AAL^2 standard defines 
multiple "profiles" for carrying voice in different encoding schemes, such as PCM-64, ADPCM- 
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32 and ADPCM-40, and the 99-0392 profile incorporated above, for example. Use of such 
standard profiles or other profiles not currently pan: of the AAL-2 standard are all envisioned 
within the scope of the invention. 

Standard AAL-2 service specific convergence- sublayer(S SCS) signaling, preferably using 
channel associated signaling (CAS) as the default for narrowband, is used as the signaling scheme 
between the CPE and the gateway. This is based on 8-byte signaling PDUs that are carried in- 
band with the voice information in their respective voice channels. The signaJing PDUs carry the 
in-band ABCD signaling bits for POTS. Nevertheless, if both ends of the interface support 
common channel signaling (CCS), then the signaimg described mriTJ-T Record I 
above, can be used for narrowband signaling. 

Fig. 9 illustrates the communication protocols used between theCPE9lO and the Class 5 
switch 129 to support the derived line 528 illustrated inFig. 5, Referring to Fig. 9 P the telephone 
or other CPE 9 1 0 at the customer premises communicates the analog signals to the ATTJ-R 1 12. 
ATU-R 112 converts the analog signals to a pulsi: code modulation (PCM) form, and then 
encapsulates the PCM data into AAL-2-over-ATM cells. It then transmits the ATM cells using 
the ADSL physical layer protocol to the ADLU 522 in the Litespan CBA5 12. The ADLU 522 
extracts the ATM cells and transmits them via the CBA 512 backplane SBI bus upstream to the 
ABCU 524, which examines the ATM cells and determines from the VCI in such cells that they 
should be routed to the gateway function 526. The gateway function 526 extracts the PCM voice 
samples from the AAL^2 ATM cells and transmits them upstream on the Litespan SBI bus and 
TSI cable 514 to the TSI card 516 in the Litespan common control 510. The TSI card 516, 
cither via an STS interface in the common control 5 1 0 (see Fig. 7) or via a DSl interface in the 
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CB A 5 1 2 (see Fig. &), forsvards the voice samples up to the Class 5 switch 129. The reverse set 
of protocol conversions is performed in the downstream direction. 

The ATU-R 1 12 and the ABCU gateway 526 arc provisioned such that the ATM AAL-2 
cells are transmitted between the two units using an ATM permanent virtual circuit (PVC). In 
another embodiment, the communication between these two end points can occur via a switched 
virtual circuit (SVC), as described in ITU specification Q.2931. Also, whereas the CPE 
illustrated in Figs. 5 and 9 consists of an analog telephone 910, communicating via an analog 
electrical signal with ATU-R 1 12, it will be appreciated that in another embodiment, the port on 
the ATU-R 1 12 can instead support purely digital N;c64kbps communication with the CPE 910. 
In this case, the user traffic earned on the derived •voice 1 ' line 528 can be circuit mode data 
services and no conversion to PCM in the ATU-R 112 is required. In yet another embodiment, 
the user traffic consists of frame mode data services which are communicated to the ATU-R 1 12 
in digital form, and the ATU-R 1 12 encapsulates the frame mode data into ATM AAL-2 cells 
using the AAL-2 data service specific convergence sublayer (SSCS) as described in ITU 
Recommendation L366 1 . 

Returning again to the derived line 128 in Fig. 5, it wOl be appreciated that unlike 
conventional POTS service, there is no direct analog electrical connection between the CPE 910 
at the customer premises and the Litespan CBA 512. Thus, well known POTS signaling 
behavior, such as lifting a handset offhook to start a call, replacing it on hook at the end of a 
call, and so on. need to be transmitted between the endpoints of the derived line using a different 
method. In the present embodiment, the ATU-R 1 12 and the gateway function 526 encode this 
information in special signaling ATM cells fully in accordance with ITU-T recommendation 
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1.366.2 incorporated above. Narrowband calls consisting of audio, voice, voiceband data, and 
circuit mode data, are all encapsulated in accordance with 1.366.2. For a conventional POTS 
circuit, subscriber signaling is performed toward the Litespan common control on the Litespan 
SBI bus by the conventional POTS narrowband line unit in the CBA on behalf of the CPE, In 
the opposite direction, thePOTS line unit provides appropriate analog signaling toward theCPE 
in response to signaling codes received from the Litespan common control. In the derived lines 
embodiment of Fig. 5, it is the gateway function 526 which performs signaling on the Litespan 
SBI toward the common control 5 1 0 on behalf of the CPE 910, and it is the ATU-R 1 12 which 
performs analog signaling toward the CPE 910 on behalf of downstream signals received from 
the common control 510. The signaling cells conveyed between the gateway S26 and the ATU-R 
1 12 carry not only control signaling, but also signaling for the purpose of minimizing bandwidth 
utilization on the DSL line 1 18 wherever possible. 

All of the packet formats and procedures for encoding the different information streams 
for narrowband voice, voiceband data and circuit mode data transmissions are described in detail 
in ITU-T recommendation 1.366.2 and will not be repeated here. In brief summary, however, 
the transmitting end of the TDM-over-ATM path performs at least the following functions, all 
described in 1.366.2: 

a) Encoding of audio samples into a sequence of bits. 

b) Selection of audio encoding algorithm based on the characteristics of a call and resource 
conditions, e.g. congestion indications. 

c) Silence compression by voice activity detection and the discontinuous transmission of 
silence insertion descriptors. 

d) Pass-through of circuit mode data as one 8 kHz octet stream per time slot. 



(60) 2001-237900 

e) Extraction of data frames and the removal of flags, bit stuffing, and CRC, if relevant 

f) Detection and preferential treatment of facsimile and modem traffic, e.g. higher-fidelity 
encoding. 

g) Extraction of dialed digit codes from multi frequency tones. 

h) Extraction of channel associated signaling bits and analysis of their transitions. 

i) Demodulation of facsimile into baseband bits for page control and image data, 
j) Detection of alarms. 

k) Synchronized transfer of processed signals to the SSCS. 
1) Requests and responses of user state control operations. 

In addition, in different embodiments, the trammitong end can also perform one or more 
of the following functions, all described in detail in L366.2: 

a) Insertion of encoded audio bits into a packet structure. 

b) Indication of the algorithmused through fields of the packet header (e.g. UUI codepoint 
and length indicator) or packet payioad. 

c) Insertion of SID bits and indication of the S [D used, just like any audio algorithm. 

d) Insertion of octet streams into a packet structure based on time slots. 

e) Segmentation, with error protection, of data frames into a sequence of packets. 

f) Insertion of encoded bits for voiceband data and indication of the algorithm used, just 
like any other audio. 

g) Insertion of dialed digit codes into a distinguished packet structure. 

h) Insertion of channel associated signaling bit transitions into a distinguished packet 
structure. 

i) Insertion of facsimile baseband bits into packet structures distinguished for this purpose, 
j) Insertion of alarms into a distinguished packet structure. 
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k) Sequence numbering of packets to assist isochronous reconstruction of information 
streams at the receiver. 

I) Generation of user state control messages. 

The receiving end of the TDM-over-ATM path performs the following functions, aJl 
described in detail in L366.2: 

a) Identification of incoming packet types, determined by fields of the packet header or 
packet payload. 

b) Buffering of time-sensitive packets to reduce delay variation (build-out for dejittering). 

c) Attention to sequence numbers in the timely release of packet contents to the User, 
e g. discard of late packets. 

d) Extraction of algorithm identification and encoded audio bits from packet structure. 

e) Indication of any unrecoverable gaps in the bit stream. 

f) Extraction of octet streams from a packet structure based on time slots. 

g) Reassembly, with error detection, of data fhimes from a sequence of packets. 

h) Extraction of dialed digits codes. 

0 Extraction of channel associated signaling bit transitions, 
j) Extraction of facsimile baseband bits, 
k) Extraction of alarms. 

I) Interpretation of user state control messages. 

The receiving end can also perform one or more of the following functions as well, all 
described in detail in 1.366.2 

a) Recognition of the encodings applied to an information stream. 

b) Removal of any delay variation introduced hy User decoding. 
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c) Synchronized transfer of encoded information from the SSCS. 

d) Decoding of audio bits into a sequence of audio samples, including comfort noise 
generation as directed by silence insertion descriptors. 

e) Attempting to mask the error perceptually if expected audio bits are missing. 

f) Regeneration of circuit mode data as one 8 kHz octet stream per time slot. 

g) Regeneration of data frames and the restoration of flags, bit stuffing, and CRC, if 
relevant. 

h) Regeneration of multifrequency tones from the dialed digit codes. 

i) Regeneration of channel associated signaling from the bit transitions, 
j) Remodulation of facsimile from the baseband bits. 

k) Interpretation of alarms. 

1) Indications and confirms of user state central operations. 

The ATM AAL-2 specifications permit the sender and receiver to choose any of several 
possible options on the user plane, the control plane and in the management plane. On the user 
plane, the gateway 526 and ATU-R 1 12 preferably implement ATM Forum predefined profile 
7, specifying an AAL-2 cell carrying 33 bytes of 64kbps u-law PCM and ADPCM-32 as the 
default voice CODEC profiles. In addition, the gateway 526 and the ATU-R 1 12 also implement 
an extensible means of negotiating other voice CODEC implementations as well. Furthermore, 
the CPE is designed preferably so that the default means of clock synchronization between the 
CPE and the Litespan is an adaptive clocking algorithm based upon the receipt of downstream 
voice cells from the Litespan. On the control plane, the gateway function S26 and the ATTJ-R 
1 1 2 each preferably support Channel Associated Signaling (CAS) as a default: Preferably, each 
also supports Common Channel Signaling (CCS), and includes a detection mechanism to 
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determine whether the other supports enhanced CCS capabilities. The CAS ABCD signaling bits 
are incorporated into an AAL2 Type-3 (UUI-24) packets with a specific predefined value in the 
header field. 

On the management plane, the gateway function 526 and ATU-R 112 preferably 
implement a Loop Start default service type. If aPOTS port on the ATU-R 1 12 is out of service 
or otherwise unprovisioned, then the Litespan merely rejects call initiation from the ATU-R 1 1 2 
on that channel (i.e., denies dialtone). Otherwise, voice services for the CPE 910 are managed 
by the Class 5 switch 129 through the TR-08, GR-503, or V.52 interface with the Litespan. 

Fig. 14 illustrates symbolically the messaging flow for conventional POTS service from 
a Litespan. The CPE 1410 is connected via an arudog link to the POTS line unit 1412, which 
communicates signaling information with theTCP 1414 in the Litespan, Common Control 1428 
via a subscriber bus data link (SBDL) that is associated with the particular card slot containing 
thePOTSJine unit 1412. Messages are transported on the SBDL from the POTS line unit 1412. 
along a backplane bus to the ABCU 1416, up this TSI cable 1418 to a TSI card 1422 in the 
common control 1428 and on to the TCP 1 414 where the messages are tenniriated. The reverse 
path is used for downstream signaling methods. For signaling messages to the Class 5 switch 
1420, standard TR-08 or GR-303 signaling is provided from the TCP 1 414 t back: down the TSI 
card 1422, down the TSI cable 1418, and down to the ABCU 1416. The ABCU 1416 routes 
the signaling messages in TDM form across the CB A 1424 backplane to a DS 1 card 1426, which 
further routes them out to the Class 5 switch 1420. Downstream signaling flows from the Class 
5 switch 1420 to the TCP 1414 follow the same path in reverse. 
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The data and signaling format on the TSI cable 1418, both between the POTS line unit 
1 412 and the TCP 1414, and betweenthe TCP 1414 and the Class 5 Switch, are described in the 
above-incorporated U.S. Patent No. 5>8S9,773 and in the above-incorporated TR-08 and GR- 
303 specifications, and therefore will not be repeated here. Briefly, however, it is noted that 
narrowband traffic within the Litespan terminal is carried in 1 -millisecond super-frames each 
having eight 1 25 -microsecond frames to permit the transport of bit oriented signaling associated 
with standard telephony traffic. Each frame has a subscriber bus interface (SBI) format 
comprising a 32-byte timeslot data stream, each timeslot byte having a 16-bit interleaved data 
format such that two separate bit interleaved data streams are supported by SBI format. The odd 
bit positions of the 16-bit interleaved data format carry the actual transported narrowband data 
(both in-band and out-of-band), and the even bit positions are not used on the TSI cable. On the 
CB X 1424 backplane, the odd bit positions can be used to carry upstream ADSL data. The SBI 
format carries internal system communication, and the user information with out-of-band bit 
oriented signaling for twenty-four DS-0 signals or one VT1.5 signal. 

The 32-byte timeslot data stream of the SBI format is divided into overhead channels of 
a reserved byte R, bit oriented signaling bytes SIG, internal datalink bytes SRQ (Service 
Request), a framing byte, and data channels of digital signal level zero signal (DSO) channel bytes 
01-24. The twenty-four DSO data channel bytes, when carrying audio, are carried in a pulse code 
modulated format. They are distributed across the 125-microsecond frame in sets of three 
channels in order to evenly distribute the overhead channels across the 125 -microsecond frame 
and permit minimal buffering for conversion to digital signal level one (DS1) signals. The data 
for the DSO channel bytes, when carrying audio, sire placed in the SBI format tn an inverted 
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standard u-law format in order to provide quiet pulse code modulation when a POTS line card 
is removed or loses power. Bit oriented signaling bytes SIG transport the standard AB or ABCD 
signaling used on Tl systems to support 4-state and 16-state signaling modes as well as the 
unique signaling mode described in the Bellcore TR-08 specification incorporated above. 
Datalink bytes SRQ and SBDL provide a communication capability with TCP 1414. A unique 
byte value is transported in the R and SRQ bytes of the eighth frame of a superfiamein order to 
identify a boundary for each superframe. 

Fig. 15 illustrates the messaging flows that take place for derived line loop emulation 
service in a Litespan terminal. Referring to Fig. 15, the messaging channel 1512 between the 
ATTJ-R 1514 and the TCP 1516 in the Lttespan common control 1518 is as follows. Signaling 
information is encapsulated into AAL2 ATM cells as previously described for transport between 
the ATU-R 1 514 and the gateway 1520 in the ABCU 1522 of alitespan CBA 1524. The ATM 
cells are transported ontheADSLlink 1526 between the ATU-R 1514 and the ADLTJ 1518, and 
then on the CBA backplane bus to the ABCU 1522 in the CBA 1524. The ATM path is 
terminated at the gateway 1520, but the messaging path then continues via a common ABCU 
SBI/SBDL control channel up the TSI cable 1418 to the TCP 1516. The signaling between the 
TCP 1516 and the Class 5 switch 1528 is unchanged. Downstream signaling flow follows the 
same paths in reverse- 
Pig. 1 6 is a simplified ladder diagram illustrating conventional TR-08 call origination flow 
using the structure of Fig. 14. At time 1610, when a customer takes the telephone 1410 off 
hook, electrical circuit completion is detected by the POTS line unit card 1412, which then 
transmits the off-hook message via out of band Litespan signaling, and via TCP 1414 to the DS I 
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card 1426, which then transmits an off-hook signal state to the Class 5 switch 1420. At time 
1612, the Class 5 switch 1420, in response to the off-hook signal from the Litespan, transmits 
a dtaltone back to the DS1 card 1426. The DS1 1426 passes the dialtone back to the Hne card 
1412, which passes it on to the phone 1410. At time 1614, the customer dials digits on the 
telephone 1410, which are transmitted all the way up to the Class 5 switch 1420. End-to-end 
call establishment then takes place between the Class 5 switch 1420 and telephone 1410 at time 
1616. Finally, at the conclusion of the conversation, the customer hangs up the telephone 1410 
(time 1618). An electrical open circuit is detected by the POTS line unit card 1412, which 
transmits the on-hook signaling via Litespan out of hand messaging to the DS 1 card 1426, which 
finally transmits the on-hook signal up to the Class 5 switch 1420. The on-hook and off-hook 
signaling from the DS1 card to the Class 5 switch is in band signaling. The TCP 1414 does not 
intervene at all in the messaging between the Class 5 switch and the telephone 1410, except to 
provide proper time slot mappings from the POTS card 1412 to theDSl card 1426. 

Fig. 17 is a simplified ladder diagram illustrating call origination from a POTS telephone 
15 10 using the derived lines structure ofFig. 15. Instep 1710, the customertakes the telephone 
1510 handset off hook. In step 1712, the ATU-R 1514 detects the off-hook condition and 
signals it to the gateway 1520 via AAL2 ATM prckets as previously described. The gateway 
1520 terminates the ATM path and forwards the off-hook signaling to the Litespan TCP 1516 
via the ABCU SBDL as previously described (Step 17 14). In Step 1716, the gateway 1 520 also 
originates an off-hook message via Litespan out-of-band A/B signaling, through the TCP 1516, 
to theDSl card 1530. TheDSl card 1530 responds as in step l610(Fig. 16) to signal off-hook, 
via in-band signaling, to the Class 5 switch 1528. While the Class 5 switch 1528 is processing 
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the off-hook signal, the ATU-R 1514 is providing wlencc to the telephone IS 10 (Step 1718). 
Also, in Step 1720, the Litcspan TCP 1516 is assigning a TSI time slot for this call and 
transmitting the assignment to the gateway 1520. When the time slot assignment message is 
received by gateway 1 520, it so signals the ATU-R via AAL2 signaling (Step 1722) and AAL2 
voice packets between the ATU-R 15 14 and Gateway 1520 can begin. 

Eventually, in Step 1724, the Class 5 switch 1528 sends a connect message back to the 
Litespan TCP 1516 via the DS1 card 1530, and sends an in-band dial tone from the Class 5 
switch 1528 all the way to the telephone 1510 (Step 1726). AB signaling supervision then takes 
place between the Class 5 switch 1528 and the telephone 1510 (Step 1728). Dialed digits and 
voice data are then transmitted between the telephone 1 5 10 and the Class 5 switch 1 528 in the 
manner previously described (Step 1730). 

Fig. 18 is a simplified ladder diagram illustrating conventional call origination in the 
structure of Fig. 14, using a GR-303 interface to the Class 5 switch 1420. At time 1810, the 
telephone 1410 goes off hook. The POTS line card 1412 detects this condition and sends an off- 
hook SBDL message to the Litespan TCP 1414, which then sends a channel set-up request 
message to the Class 5 switch 1420 via the interface group (IG) Time slot Management Channel 
(TMC). At time 1812, the Class 5 switch 1420 transmits an IGTMC set-up acknowledgment 
message back via the DS1 card 1426 to the TCP 1414, indicating a DS0 assignment for the new 
call. The Class S switch at time 18 14 also sends a connect message to the Litespan TCP 1414. 
The TCP 1414 cross-connects the DS0 of POTS card 1412 to the Class 5 DS1 time slot as 
assigned by the Class 5 switch. At time 1816, the Class 5 switch transmits a dialtone. The TCP 
connection is established and ABCD path supervision takes place between the DS1 card 1426 
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andthePOTS lineunit card 1412. The telephone 1410 transmits dialed digits in-band all the v/ay 
to the Class 5 switch, the end-to-end call is established, and eventually at time 1822 the customer 
replaces the handset on hook at the telephone 1410. The POTS line unit 14 12 transmits the on- 
hook indication to the TCP 1414 via the SBDL time slot of the POTS card 1412. The TCP 
1414 then releases the communication path and changes the POTS line to idle call state. It also 
signals the DS1 card 1426 to signal the on-hook condition to the Class 5 switch 1420. 

Fig, 19 is a simplified ladder diagram illustrating call origination in the derived lines 
structure of Pig. 15, where the interface between theLHespan and the Class 5 switch 1528 is a 
GR-303 interface. Instep 1910, the customer takes the phone 15 10 off hook. In Step 1912, the 
ATU-R 1514 detects the off-hook condition and so signals the gateway 1520 via A/B signaling 
over AAL2 cells as previously described. In Step 1914, the gateway 1520 further transmits the 
off-hook totheLLtespanTCP 1516 via the ABCLTs SBDLasinFig. 17. Meanwhile, the ATU-R 
15 14 transmits silence (Step 1916) to the telephone 1510. In Step 1918, the Lifespan TCP 1516 
sends a channel set-up request via the SBDL to the DS1 card 1530, which then forwards it via 
the TMC mcssagingDSO to the Class 5 switch 1528 (Steps 1918 and 1920). The Class 5 switch 
1528 responds with the TMC set-up acknowledgment message and the connect message (Steps 
1922 and 1924). Without waiting for these messages, however, the LitespanTCP 1516 provides 
its own time slot assignment to the gateway 1 520 (Step 1926). A time slot connected message 
is transmitted from the gateway 1 520 to the ATU-R 1 5 14 in Step 1 928, and AAL2 voice packet 
transmission begins between the ATU-R 1 S14 and the gateway 1 520, After the connect message 
is received by the LitespanTCP 1516(Step 1924), uv-band dial tone is transmitted from the Class 
5 switch 1 528 all the way to the telephone 1510 (Step 1930), AB signaling supervision takes 
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place (Step 1932) and dialed digits and voice data are transmitted between the telephone 1510 
and the Class 5 switch 1 528 (Step 1 934). Eventually, the customer replaces the handset on hook 
Step 1936). 

The hardware and software with which a Litespan terminal implements the gateway 
functions described herein will now be described. The great majority of the relevant functions 
and hardware units are described in great detail in Nattkemper, et al. U. S. Patent No. 5,953 ,3 1 8, 
incorporated above, and that description will nol be repeated here. Instead, only certain 
modifications to that system are described herein. 

Fig. 2 is a block diagram of pertinent aspects of a Litespan CBA 2010. It includes an 
ATM bank control unit (ABCU) card 22 and a phuaiity of asynchronous digital subscriber line 
(ADSL) line cards 24. While ADSL line cards 24 are described herein with respect to the 
asynchronous digital subscriber line protocol, ADSL line cards 24 may be instead implemented 
with other appropriate transmission protocols. In general downstream operation, Litespan CBA 
2010 receives ATM cells at the ATM switching fabric 25. ATM switch fabric 25 routes ATM 
cells between loop (ADSL) ports, network ports and upchain and downchain ports. The ADSL 
ports are located on the ADSL line cards 24. Each such card includes a bus interface 27 to 
extract the ATM cell and provide it to a transceiver 28 where the ATM cell is placed into the 
appropriate ADSL transmission format for transmission to a remote unit (not shown in Fig. 2). 
The remote unit processes the ADSL transmission received from ADSL line card 24 through a 
transceiver, physical layer unit, segmentation and re segmentation unit or other appropriate device 
and a user interface, for transmission to an end user. 



(70) 2001-237900 
ABCU card 22 also may receive downstream TDM traffic over the TSI cable 34 from 
TDM switch 13 through a switching device such as DLC system 15. ABCU card 22 includes a 
time slot assigner (TSA) 35 (also sometimes referred to herein as a TSI Mapping unit) that 
places the TDM traffic into the SBI format. The TDM traffic in the SBI format is provided to 
an SBI selector 36 and sent to the appropriate ADSL line card 24 for transmission to the end 
user. 

In the upstream direction, ADSL line caid 24 receives an ADSL or narrowband 
transmission from a remote unit and places the transmission into an appropriate ATM or TDM 
traffic stream at bus interface 27. The ATM and TDM traffic streams are transferred to a 
corresponding SBI selector 36 in order to provide the TDM traffic to time slot assignment 35 
and the ATM traffic to ATM switch fabric 25. 

The ABCU 22 also includes the gateway function 2014. The gateway 20 14 has an ATM 
interface 20 16, a TDM interface 20 18, and an interface 2020 to a gateway controller 2022. The 
ATM interface 2016 of the gateway 2014 interfaces with the ATM switch fabric 25 in the same 
manner that any of the bus Interfaces 26 and SBI selectors 36 interface with the ATM switch 
fabric 25. The TDM interface 2018 of the gateway 2014 interfaces with the narrowband TSA 
3 5 in the same manner that the narrowband TSA 35 biterfaces with any the SBI selectors 36. The 
gateway 2014 set9 mappings for the derived line service matching the VCs connected between 
the gateway ATM interface 201 6 and any of the ATU-Rs (not shown in Fig. 2), on the one hand, 
to TDM switch assignments for the TSA 35 and TDM switch 13, on the other hand. The 
software running in gateway controller 2022 establishes such mapping in response to the 
switching/provisioning commands from the Litespan common control For GR-303 interfaces 
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to the TDM switch 13, the Litcspan common control software assigns GR-303 CRVs to SBI 
channels. 

The ABCU gateway 2014 in Fig. 2 firmware ;upports the AAL2 encapsulation and voice 
processing based on standard profiles with DSP chips for a number of (e.g. 256) simultaneous 
connections per gateway. The Gateway 2014 also performs network echo cancellation and 
switched access to compression and echo cancellation for all derived line connections. The 
gateway 2014 and the ATU-R furthermore support fax-tone recognition and dynamic switch to 
64 KBPS via CPE direction, with reserved access; back at an/ time during a call. Silence 
compression in both directions is also supported. The gateway 2014 also recognizes upstream 
CAS digit messages for dialpulscand touchtoneCPE signaling as well as GR-303/TR-08inband 
tone regeneration. 

The ATM interface 2016 is divided in half; one for each direction. Each half interface 
meets the Utopia interface specification described in the Utopia Specification incorporated 
above, with the following characteristics: Utopia Level 2; 16 Bit data exchange (16 bits in and 
16 bits out); 32.768MHz clock; MultiPHY, 1 address assigned to the Gateway 2014; Polled, 
with I Transmit Cell Available and 1 Receive Cell Available; and Two transfer clocks (one in and 
one out); It also uses a Cell level handshake, and the load is 4 PHY, 1 ATM layer. 

The TDM interfaces connect the Gateway 2014 to the Lifespan's TSI cables. These 
cables transfer TDM voice, telephony signaling and SBDL communication channels from the line 
unit slots in the CBA to the TSI card in the CCA. Each TSI cable carries 60 SBI streams, one 
to and from each line unit slot. Normally the 24 TDM voice data time slots carried on each SBI 
carries TDM voice samples from its assigned line unit slot. These SBIs are synchronized to the 
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Litespan master clock and use a frame synch pulse to indicate the start of frame. VoDSL uses 
unused time slots within these SBIs to exchange derived line voice samples with the CCA. 

In the upstream direction the Gateway 20 14 provides digitized derived line voice samples 
(64KHz u-Law PCM) to an FPGA/ASIC which plac;es the voice samples into the SBI stream. 
In the downstream direction the Gateway 20 14 is provided with digitized voice samples (64KHz 
H-Law PCM) from an FPGA/ASIC which has extracted them from the SBI stream. 

The upstream TDM interface consists of multiple serial outputs that are docked with an 
externally supplied synchronous clock. The serial stream is synchronized to an externally 
provided 125uS frame synch signal. The downstream TDM interface consists of multiple serial 
inputs that are clocked with an externally supplied synchronous clock. The serial stream is 
synchronized to the externally provided l25uS frame synch signal. The interface is symmetric: 
transmit and receive use the same time slot for the s.unc voice channel. 

The microprocessor physical interface, between the gateway 2014 and the gateway 
controller 2022, is the means by which the ABCLPs microprocessor configures, tests, obtains 
status and exchanges messages with the Gateway 2014. Program code is downloadable into 
Gateway 2014 memory for execution. 

Provisioning and configuration messages are i:entto the Gateway 2014 from the ABCU's 
Microprocessor during normal operation to provision, configure, enable and disable voice 
connections and request status. Some of the more pertinent messages are set forth below. Greek 
letters are used to indicate values which are variables. 

• Call provisioning messages are used to configure a particular WC (Virtual Voice 
Channel) 
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O 



Number of bits used for VPI, VCI and CID for call reference p 



o 



Call reference p uses VPI - p> VCI - o and CID -"t 
Set audio profile for call j} to 1 or 7 or hybrid 



o 



Set CODEC for call P to PCM or ADPCM 



o 



Set Echo canceler for call P to on or off 



o Set initial received (upstream) ABCD signaling state for call p to y 

o Set initial transmit (downstream) AB CD signaling state for call p to y 

o Enable or Disable Fax/Modem tone detection and auto CODEC switch for call 
P 

d Enable or Disable auto CODEC switch to match received CODEC for call p 

o Enable or Disable downstream SID (Silence Insertion Descriptor) for call 
reference p 

o When enabled, send SID cell for call reference p every y milliseconds 
o Call reference p uses SID value a> 
■ Setup call for call reference p (signaling bits indicate this call is going active) 

• Tear down call reference P (signaling bits indicate this call has terminated) 

• Enable or disable passing status messages from call reference P to the ABCU 
microprocessor 

Messages are also sent from the Gateway 2014 to the ABCLTs microprocessor during 
normal operation to provide status and report problians and in response to messages set forth 
above. Some of the more pertinent messages sent from the Gateway 2014 to the ABCU's 
microprocessor are Call status messages, such as the following. 

• Call reference p is assigned to TDM time slot y (tells the ABCU Microprocessor how to 
map the call to and from the Gateway 2014 from and to the SBI) 
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• Audio profile for call 0 is set to 1 or 7 or hybrid 

• CODEC for call p is set to PCM or ADPCM 

• Echo canceler for call P is on or off 

• FAX or Modem tone has or has not been detected for call 

• Current received (upstream) ABCD signaling state for call P is y 

■ Current transmit (downstream) ABCD signaling state for call p is Vf/ 

The Gateway 2014 performs the AAL2 SAR (segmentation and re-assembly) function 
for both downstream and upstream messages. For downstream messages the ABCU's 
microprocessor passes the messages to the Gateway 2014 which formats them into an AAL2 
PDUs (Protocol Data Units) and inserts them into the ATM cell stream. The ABCU's 
microprocessor keeps track of time and initiates those messages that must be sent at specific time 
intervals (such as CAS keep alive messages). Some of the more pertinent messages are as 
follows. 

• AAL2 CAS message to transmit; 

o When downstream ABCD signaling changes, the ABCU microprocessor alerts 
the Gateway 2014 to send a CAS signaling cell. These cells are sent three times 
at SmS intervals. The Gateway 2014 automatically generates the second and third 
messages and send them at SmS spacing. The Gateway 2014 automatically 
generates the 5 Sec. CAS keep alive message for each of the up to 1024 
provisioned channels. 

• AAL2 alarm message to transmit 

• AAL2 status message to transmit (includes C0-IWF <-> CP-IWF embedded operations 
channel (EOC)). 

For upstream messages the Gateway 2014 validates the ATM header via the KEC, 
validates the AAL2 header via the HEC and validates the AAL2 Type 3 PDU via the CRC and 
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except for CAS signaling, passes the message along with the WC to which it belongs to the 

ABClTs microprocessor. The ABCU's microprocessor reserves enough queue space to buffer 

the maximum number of messages expected from the Gateway 2014 at any one time. Some of 

the more pertinent messages are as follows. 

■ Received AAL2 CAS message 

o The Gateway 2014 maintains a table of the current signaling state of all 1024 
upstream channels. The initial state for each table entry is provisioned. It alerts 
the ABCU microprocessor only when a CAS message signals a state change. It 
alerts the ABCU's microprocessor if the three redundant messages are not 
received, if the ABCD bits of the three- redundant messages do not match and if 
the CAS keep alive.message is not received every 5 Sec. 

o Any time the Gateway 2014 changes the state of a channels signaling bits, it 
passes the new signaling bits to the microprocessor so that both remain in 
synchronization. 

o Since the CP-IWF (customer premises interworking function, e.g. IAD) 
de-bounces signaling state changes before sending signaling changes to the 
CO-IWF, the Gateway 2014 does not have to perform this function. Instead it 
passes all signaling change it receive* to the ABCU's microprocessor. Since 
signaling states change relatively slowly (a maximum of 20 pulses p er second) the 
signaling state does not change over the 15mS period that the three redundant 
CAS signaling cells are sent. The Gateway 2014 performs per the following 
algorithm: 

Receive the first of three CAS signaling PDUs (as indicated by the 
redundancy field) 

■ Reset the 3 signaling clianged due to first, second or third PDU 
flags 

■ If the CRC over the Type 3 message is bad discard the message 
and increment error counter 



Else If the ABCD signaling bits are different from the current 
state 
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* Send new ABCD bits to the ABCU microprocessor and 
store the new ABCD bits in the Gateway 2014 

* Set a flag indicating signaling changed due to the first 
CAS PDU 

■ Else there was no signaling change so do nothing 

■ END 

Receive the second of 3 CAS signaling PDUs (as indicated by the 
redundancy field) 

■ If the CRC over the Type 3 message is bad discard the message 
and increment error counter 

■ Else If the ABCD signaling bits are different from the current 
state 

* set a flag indicating signaling changed due to the second 
CAS PDU 

* Send new ABCD bits to the ABCU microprocessor and 
store the new ,VBCD bits in the Gateway 2014 

■ Else there was no signaling change so do nothing 

■ END 

Receive the third of 3 CAS signaling PDUs (as indicated by the 
redundancy field) 

■ If the CRC over the T/pt 3 message is bad discard the message 
and increment error counter 

» Else If the ABCD signaling bits are different from the current 
state 

* set a flag indicating signaling changed due to the third 
CAS PDU 

* Send new ABCD bits tp the ABCU microprocessor and 
store the new ABCD bits in the Gateway 2014 
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■ If the flags indicating signaling changed duo to two or more CAS 
PDUs are set 

* Send an error message to the ABCU microprocessor and 
increment the "signaling changing too often" error 
counter 

* END 

Received AAL2 alarm message 
Received AAL2 status message 
Since the gateway is an endpoint of the ATM connection, it detects OAM (Operations 
and Maintenance) F4 and F5 loopback cells and send them to the microprocessor. It also 
transmits (out the ATM Utopia Interface towards the ABCUs switch fabric) OAM cells that it 
is given by the microprocessor. 

Fig. 10 symbolically illustrates functions performed by the various components of the 
gateway 2014 for conversion between the ATM and TDM formats. The gateway includes aDSP 
unit 2110 containing n DSP (Digital Signal Processor) cores in a DSP array 2112. For 
conversions from ATM to TDM format, incoming AAL2 cells are routed by ATM interfecelogic 
2111 based on the UUI field. Voice cells are routed to an appropriate one of the DSP cores in 
the DSP array 2112. The DSP cores process the cells as described herein, extracting PCM * 
voiceband samples and transmitting them out the TDM interface 20 IS to an SBI multiplexer 
2113 via TDM interface logic 20 1 7 . The ATM interface logic 2111 routes signaling, status, 
alarm (AAL2 type 3) and OAM cdls out of thcDSP unit 21 10, to gateway controller 2022. The 
gateway controller 2022 extracts ABCD signaling bits for each channel and transmits them to 
the microprocessor interface of the SBI multiplexer 21 1 3 . The SBI multiplexer 21 13 multiplexes 
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DSOs onto the SBIs toward the individual line units 24 (Fig. 2), and inserts signaling from the 
gateway controller 2022. The gateway controller 2022 also programs the ATM VC/CED (call 
ID)-to-DSP map in the DSP unit 2110, and programs the DSP-to-SBl map in the SB1 
multiplexer 21 13. 

For conversions from TDM to ATM format, the TDM data from the TSI cable 34 is 
provided to SBI multiplexer 2113 which extracts scaling and maps the individual incoming 
DSOs to appropriate DSP cores in DSP unit 2110. Voiceband data is passed to the TDM 
interfile 2018 of the DSP unit 2 1 10. The TDM interface logic 2017 in DSP unit 2110 provides 
the voiceband data to the appropriate one of the DSP cores in DSP array 21 12, which processes 
the TDM data a described herein. The output of the DSP core is provided to the ATM interface 
logic 21 1 1 which assembles the data into AAL2 cells. The ATM interface logic 21 1 1 maintains 
a DSP-to-VC/CID map in order to fill in the cell huaders. The SBI multiplexer 2113 routes 
signaling information from the TSI cable 34 to the gateway controller 2022. which transmits any 
ABCD signaling bits from the common controller to the AAL2 cell assembly facility in the DSP 
unit 2110. The gateway controller 2022 is also responsible for progrtkiriming the DSP-to- 
VC/CID map in the DSP unit 2110. AAL2 ATM cells carrying in-band data are multiplexed 
with those carrying out-of-band signaling and sent out the gateway ATM interface 2016. 

Fig. 1 2 symbolically illustrates certain functions of gateway 20 14 for upstream Derived 
Line transmission. The voice-over- AAL2 cells from the ADLUs 24 (Fig. 2) are provided to the 
ATM switch fabric 25, which routes them to the ATM interface 2016 of the gateway 2014. The 
gateway 2014 performs AAL2 segmentation and reassembly (SAR) of the voiceband data. The 
output data is converted in transcoder 2310 from ADPCM to PCM (if not already in PCM 
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format) and then provided to the appropriate one of q SBI queues 23 1 4. The gateway 2014 then 
performs near end echo cancellation in echo canceler 23 16, and provides the output to the TDM 
interface 2018 of the gateway 2014. 

Fig. 13 illustrates the voice processing that takes place for derived line downstream 
transmissions in the gateway 20 14. PCM data from the SBIs is provided to the gateway 2014 
via the TDM interface 2018. In echo canceler 2316, near-end echo is canceled. The output is 
provided to transcoder 23 1 4 which, optionally, translates the PCM data to ADPCM data. The 
data is then provided to the appropriate one of q SBI queues 2312 (one for each derived line 
supported by ABCU 22), and the outputs are provided to AAL2 segmentation and reassembly 
unit 23 12. AAL2 SAR unit 23 12 provides the ATM voice cells to the ATM switch 25 via the 
ATM interface 201 6. The ATM switch 25 routes the voice-over- AAL2 cells to the appropriate 
ADLU 24 (Fig. 2). 

Figs. 3, 4 and 1 1 illustrate symbolically an Access Management System (AMS) 98. The 
AMS 98 is a single element management system that manages the gateway and TDM and ATM 
routing functions of the combined DLC/DSLAM/gateway 1 1 4 forPOTS, data and derived voice 
services/The AMS 98, among other things, is concerned with the information that is required 
to manage each network element in a Litcspan system. This includes the information required 
to manage network element functions and the physical aspects of each network dement in the 
Litespan system. AMS 98 also keeps track of information representing the access network, both 
physically and logically. In particular, it knows how each of the network element entities arc 
related, topographically interconnected, and configured to provide and maintain end-to-end 
connectivity. For the purpose of managing connectivity, AMS 98 allows a user to provision 
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PVCs and P VP s through the Litespan system, from an ATU-R all the way to the gateway on one 
of the ABCUs in the Litespan system. A3 previously mentioned, the gateway servicing a given 
derived line need not be in the CBA which contains the ADLU that connects physically to the 
customer premises. It can be on an ABCU in another CBA in the same Litespan terminal, or it 
can be on a CBA in the central office terminal. AMS 98 also performs numerous additional 
element management and network management functions not important to an understanding of 
the present invention. 

As used herein, a given signal, event or value is "responsive" to a predecessor signal, 
event or value if the predecessor signal, event or v:iiue influenced the given signal, event or 
value. If there is an intervening processing element, step or time period, the given signal, event 
or value can still be "responsive 1 ' to the predecessor signal, event or value. If the intervening 
processing element or step combines more than one itignal, event or value, the signal output of 
the processing dement or step is considered •'responsive" to each of the signal, event or value 
inputs. If the given signal, event or value is the same as the predecessor signal, event or value, 
this is merely a degenerate case in which the given signal, event or value is still considered to be 
"responsive" to the predecessor signal, event or value. "Dependency n of a given signal, event or 
value upon another signal, event or value is denned similarly. 

The foregoing description of preferred embodiments of the present invention has been 
provided for the purposes of illustration and description. It is not intended to be exhaustive or 
to limit the invention to the precise forms disclosed. Many modifications and variations will be 
apparent to practitioners skilled in this art. In particular, for example, whereas the loop 
emulation services described herein are provided over an ATM interface, it will be appreciated 
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that such services can alternatively or additionally Us provided over other types of packet/cell 
transports as well, including but not limited to IP, IP-over-ATM, and Frame Relay (FR). In one 
embodiment, the integrated gateways described herein require only software/firmware re- 
programming to alter their function from converting between TDM and ATM transports, to 
converting between TDM and a different pack-rt/cell transport. In addition to these 
modifications, and without limitation, any and all variations described, suggested or incorporated 
by reference in the Background section of this patent application are specifically incorporated 
by reference into the description herein of embodiments of the invention. The embodiments 
described herein were chosen and described in order to best explain the principles of the 
invention and its practical application, thereby enabling others skilled in the art to understand the 
invention for various embodiments and with various modifications as are suited to the particular 
use contemplated. It is intended that the scope of the invention be defined by the following 
claims and their equivalents. 

4. Brief Description of Drawings 

Fig. I symbolically illustrates a conventional network architecture. 

Fig. 2 is a block diagram of pertinent portions ofaLitespan CBAof Fig. 5. 
Figs. 3-8 illustrate portions of a Litespan System incorporating features of the inventioa 
Fig. 9 is a communication protocol diagram. 

Figs. 10, 12 and 13 illustrate functions performed by the gateway in Fig. 2. 

Fig. 11 symbolically illustrates the network architecture ofFig. 1, modified to incorporate 
features of the invention. 

Fig. 14 symbolicallyillustratesmessagingflowthroughaconventional Litespan Terminal. 

Fig. 1 5 symbolically illustrates messaging flow through a Litespan Terminal, modified in 
accordance with an aspect of the invention. 

Figs. 16 and 18 are ladder diagrams illustrating call origination flow using the structures 
of Fig. 14, for TR-08 and GR-303 connections respectively. 

Figs. 17 and 19 are ladder diagrams illustrating modifications of the ladder diagrams of 
Figs. 16 and 18, respectively, for implementing aspects of the invention. 
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Fig. 2 
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Fig. 6 
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1. Abstract 

A network node includes a TDM-ATM gate* ay that performs loop functions on behalf 
of one or more narrowband derived lines. The gateway is incorporated into the same equipment 
that performs routing of network traffic. The routing can involve switching or multiplexing or 
both, and it can consist of ATM cell routing or TDM traffic routing or both. In an embodiment, 
the gateway is incorporated into tui integrated DLC/DSLAM access node. A single Element 
Management System may be used to manage the integr ated DLC/DSLAM/Gateway equipment. 



2. Representative 
Fig. 3 
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